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SECfiON 1 
INTRODUCTION 

1.1 PURPOSE OF REPORT 

This Remedial Investigation (RI) was performed to provide the data necessary for 
the completion of a Feasibility Study (FS) which will identify, evaluate, and 
prepare conceptual designs for remedial alternatives at the American Chemical 
Services (ACS) Site. The RI data collection activities were designed to meet the 
following objectives. 

To determine if the ACS Site poses a risk to public health, welfare, or the 
environment; 

To confirm or deny expected locations of hazardous substances on the site; 

To evaluate locations of suspected contamination on the site; 

To determine the extent and character of hazardous and/or toxic materials 
present at the site, including the horizontal and vertical distribution of potential 
sources of contamination; 

To determine the physical and chemical properties of each identified source 
area containing hazardous and/ or toxic materials; 

To determine the nature and extent of actual and potential releases from source 
areas; 

To characterize the known and potential pathways for release of contaminants 
from source areas. Cparacterization of pathways includes evaluation of physical 
properties governing transport within given pathways; and 

To determine and document the type, extent, and magnitude of contamination of 
media by hazardous substances, as necessary, to assess endangerment to human 
health and the environment and to perform a FS. 
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The Final Work Plan for the ACS Site defined 11 tasks to be completed during 

the RI: 

Task 1 - Problem Definition 
Task 2 - Hydrogeologic Investigation 
Task 3 - Near Surface Contamination Investigation 
Task 4 - Phase II Site Characterization 
Task 5 - Feasibility Study Testing 
Task 6- Data Validation 
Task 7 - Contaminant Pathway and Transport Evaluation 
Task 8 - Endangerment Assessment 
Task 9 - Remedial Investigation Report 
Task 10 - Community Relations Support 
Task 11- Quality Assurance 
Task 12 - Technical Management 

Subsequent to the approval of the Final Work Plan, a Supplemental Work Plan 
for the Phase II Remedial Investigation and a Supplemental Technical 
Investigation were developed and approved. 

The scope of work for Task 1 has been completed both through the submittal of 
this report, and the previous submittal of Technical Memoranda. No work was 
performed under Task 5 and Task 10. The submittal of this report completes the 
scope of work for the remaining tasks, with the exception of Task 9. Task 9 will 
be complete with the submittal of the Final RI Report. 

The types of data collection activities performed during the RI, and the 
presentation of the data obtained, are summarized in Table 1-1. 

1.2 REPORT ORGANIZATION 
This Draft RI report is comprised of 5 volumes. The volumes may be referenced 
by their respective contents which are as follows: 

Volume I 
Volume II 
Volume III 
Volume IV 
Volume V 

Draft RI Text with Tables and Figures 
Appendices A - H 
Appendices I - P 
Appendix Q 
Appendix R 

-

-
-
-

-
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The report describes the performance and findings of the RI. Data collected 
prior to the initiation of the RI have been considered, however, the majority of 
the analysis of site conditions relies on data collected as part of the RI. 

The remainder of Section 1 provides a summary of the Site history, including site 
operations and previous investigations and is based on documentation submitted 
to EPA by ACS, personal interviews by Warzyn and other field notes. Section 2 
presents the details of the field procedures used to collect the data. Section 3 
describes the field observations in narrative form to provide the conceptual 
approach and logical sequence followed during the three-phased investigation. 
Section 4 contains a detailed characterization of the setting of the site, including 
topography, geology, hydrology, and hydrogeology. Section 5 provides a 
description of the nature and extent of contamination in the media across the site. 
Section 6 assesses current and potential contaminant migration from waste 
materials at the site to groundwater, surface water, sediments, and air. Section 7 
presents the Endangerment Assessment. 

1.3 SITE BACKGROUND 

1.3.1 Site Description 
The American Chemical Services (ACS) NPL Site (Site) is located at 420 South 
Colfax Avenue in Griffith, Indiana. The Site is located in the northeast one
quarter of the southeast one-quarter, Section 2, Township 35 North, Range 9 
West, Lake County, Indiana (Figure 1-1). Although the Site name is ACS, the 
United States Environmental Protection Agency (U.S. EPA) has defined the Site 
as including the ACS property (19 acres) the Pazmey Corporation property (2 
acres; formerly Kapica Drum, Inc.) and the inactive portion of the Griffith 
Municipal Landfill (about 15 acres). 

Six areas of probable waste disposal have been identified at the Site, based on 
preliminary reports and the review of aerial photographs. These six areas have 
been assigned the following designations by U.S. EPA and ACS management: the 
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On-Site Containment Area, the Still Bottoms Area, Treatment Lagoon #1, the 
Off-Site Containment Area, the Kapica/Pazmey Area, and the Griffith Municipal 
Landfill. These designations will be used throughout this report to facilitate 
discussions about the Site. The location of each area is illustrated in Figure 1-2. 

1.3.2 Site Histozy 
As described in the previous section, the Site consists of ACS, the inactive portion 
of the Griffith Municipal Landfill, and the Pazmey Corporation property (Kapica 
Area). ACS is an active chemical manufacturing facility which formerly accepted 
hazardous waste solvents for recycling under RCRA Interim Status. Due to a 
U.S. EPA enforcement action finalized in September 1990, ACS ceased accepting 
hazardous wastes and is currently undergoing full RCRA closure, under State 
oversight. The Griffith Municipal Landfill is an active solid waste facility. 
Pazmey corporation is no longer in operation. 

The following sections summarize the history of the Site's operations, as described 
in available historical documents. Particular documents and resources used to 
construct the Site history include: aerial photos (Appendix A), "Initial Site 
Evaluation (Site 160) American Chemical Service, Griffith, Indiana", Camp 
Dresser & McKee Inc., 3/26/85 and "Aerial Photographic Analysis of Three 
Priority CERCLA Hazardous Waste Sites", EMSL, Office of Research and 
Development, U.S. EPA, 7/85. Other references utilized include interviews with 
ACS management, U.S. EPA files, Indiana State Board of Health (ISBH) 
Inspection Records, and previous reports developed for the Site. Information 
regarding Site operations was obtained during a November 1989 audit of the ACS 
facility by Warzyn personnel. The results of this audit are presented in Appendix 
B. 

1.3.2.1 Histoty of Site Operations 
ACS began operations as a solvent recovery facility in May 1955, and according to 
ACS personnel, solvent reclamation was the only operation performed on-Site 
until the late 1960s. Other operations performed at ACS include small batch 

-
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manufacturing, epoxidation, incineration, and secondary fuel blending. For 
purposes of discussing the history of ACS's operations, these operations will be 
divided into the following time intervals: pre-1970, 1970 to 1975, and 1975 to 
present. The development of the site is illustrated in the aerial photographs 
contained in Appendix A 

Pre-1970. ACS began operations in 1955, with reclamation of spent solvent waste 
being the only plant process. Reclaimed during this period were solvent mixtures 
containing alcohols, ketones, esters, chlorinateds, aromatics, aliphatics, and 
glycols which contained various residues. Reclamation was performed almost 
exclusively in batch evaporation units, which were charged by pumping directly 
from 55-gallon drums into the distillation units. Spent solvents were generally 
stored in 55-gallon drums at storage areas located throughout the Site. The still 
bottoms pond was used for the storage of still bottoms, prior to the installation of 
incinerators at the site. 

Small batches of specialty chemicals were first manufactured at ACS in the late 
1960's and early 1970's. These early manufacturing operations included treating 
rope with a fungicide, bromination, and treating ski cable. Specific chemicals 
manufactured included barium naphtherate, brominated vegetable oil, lacquers 
and paints, liquid soldering fluid, and polyethylene solutions in polybutene. 

ACS installed its first incinerator in 1966, and a second in 1969. The incinerators 
were used to burn still bottoms and non-reclaimable materials generated at the 
Site, and off-Site wastes. The incinerators were dismantled at the Site in 1970. 
The shells were cut up and scrapped; the burners and blowers remain on-Site. 

1970 to 1975. Reclamation of spent solvents continued to be the primary 
operation at ACS throughout this period. The solvents reclaimed remained 
similar to those in the pre-1970 period. However, an increasing percentage of 
shipments were received in bulk tanker trucks. A spent and reclaimed solvent 
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tank farm was constructed just east of the existing spent solvent tank farm. The 
distillation operation remained essentially the same, except that a fractional 
distillation column was added. 

The batch manufacturing processes were expanded during this time period. A 
lard oil process which utilized tallow and animal rendering was used to 
manufacture a lubricant product. In 1971, the additive manufacturing area was 
built. Various detergents, lubricants, and chemical additives were manufactured, 
in addition to soldering flux. Raw material used in the manufacturing processes 
included xylene, furfural alcohol, various amines, methanol, formaldehyde, 
sodium hydroxide, and maleic anhydride. High boiling point aromatic solvent 
blends (boiling points higher than xylene and toluene) were utilized as reflux 
solvents. 

The epoxidation plant was constructed in 1974. The epoxidation process creates a 
plasticizer. Materials used in the process include hydrogen peroxide, linseed oil, 
formic acid (catalyst), benzene (reaction solvent), and butanol. 

1975 to 1990. Distillation units for solvent recovery had been replaced, but the 
types of units remained essentially the same. The types of solvent waste 
recovered also remained the same. Solvent recovery was the principal operation 
at the ACS facility until September 1990, when ACS lost interim status due to an 
EPA enforcement action. The spent solvent and reclaimed solvent tank farms 
which currently exist were constructed during this time period. The majority of 
spent solvent waste streams were shipped in bulk tanker trucks, although 
drummed wastes were still processed. The tanks used in the spent solvent 
recovery operation are currently undergoing closure, but are not expected to be 
dismantled. The current elevated hazardous waste drum unloading dock and 
storage area were built in the early 1970's, with spill containment curbing and a 
sump area being subsequently added. 

-
-
-

-
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The small batch manufacturing processes described in the preceeding section 
remained essentially the same over this time period. However, the lard oil and 
soldering flux manufacturing operations were discontinued. 

The epoxidation operations described previously have remained essentially the 
same. However, toluene has replaced benzene as the reaction solvent. A 
bromination operation, utilizing hexane as the carrier solvent, was added in 1975. 

The injection tank farm area, previously used for the former incinerator, is now 
used to store and blend waste streams for ACS's secondary fuel program. Waste 
streams are received from bulk tanker trucks, and in drummed form. The 
secondary fuels are loaded from the storage tanks into railcars or bulk tanker 
trucks. 

Operations at the Griffith Municipal Landfill and Kapica/Pazmey Corp. The 
Griffith Municipal Landfill has been an active solid waste disposal facility since 
the 1950's. Kapica Drum, Inc. began operations in 1951. Kapica began picking 
up drums from ACS about 1955, according to a CERCLA 104(e) Information 
Request. In 1961, ACS sold a 2 acre parcel to John Kapica, and in 1962, Kapica 
began operation of his drum reclaiming business at the South Colfax Avenue 
location. Operations at Kapica Drum, Inc. consisted of drum reconditioning. 
Kapica Drum was sold to Pazmey Corporation in February 1980. The Pazmey 
Corporation property was sold to Darija Djurovic in March 1987. 

1.3.2.2 Histocy of Site Disposal Practices 
Table 1-2 provides a summary of disposal practices at the ACS Site. Details 
regarding disposal practices are presented in the following sections. The 
development of the different disposal areas is illustrated in the aerial photographs 
contained in Appendix A. 

Still Bottoms Pond and Treatment Lagoon # 1. Still bottoms for the solvent 
' recovery process were originally disposed of in the Still Bottoms Pond and 

Treatment Lagoon #1. The Still Bottoms Pond is visible in the aerial photograph 



Remedial Investigation Repon 
ACS NPL Site, Griffith, Indiana 
Revision: FINAL DRAFT 

SECTION1 
PageS 

June 14, 1990 

taken in 1958 (Appendix A). Treatment Lagoon #1 is illustrated in the 1970 
photograph. The Still Bottoms Pond and Treatment Lagoon #1 were taken out of 
service in 1972, based on an inspection report from the Indiana State Board of 
Health. At this time, these two areas were drained and filled in with drums 
partially full of sludge materials. A portion of Treatment Lagoon # 1 may have 
been incorporated into the present-day fire pond when it was constructed in 
November 1973. 

Off-Site Containment Area. Between 1958 and 1975, the Off-Site Containment 
Area was utilized as a waste disposal area. This area is located south of the 
present facility (See Figure 1-2). The evolution of this area as a waste disposal 
area is illustrated in the aerial photographs contained in Appendix A The area 
appears tree-covered and inactive in the 1950 aerial photograph. In the 1970 
photograph, numerous drums are present in this area. In the 1973 photograph, 
the Off-Site Containment Area appears covered and inactive. 

A variety of wastes were disposed of in this area, including the still bottoms from 
the Still Bottoms Pond and Treatment Lagoon #1. Between 1968 and 1970, 
wastes from on-Site incinerators were disposed of in this area. General refuse, an 
estimated 20,000 to 30,000 drums, and a tank truck partially full of solidified paint 
were also disposed of in the Off-Site Containment Area. It has been reported 
that the drums were punctured prior to disposal. 

Use of the Off-Site Containment Area was discontinued in 1972, and the area was 
reportedly capped with 2 to 3 feet of soil. In 1980, a 31-acre parcel of property to 
the west of the Off-Site Containment Area was sold to the City of Griffith for an 
expansion of the City's municipal landfill. This transaction reportedly included a 
strip along the west edge of the Off-Site Containment Area. 

On-Site Containment Area. During the mid-1960's, landfilling of drums was 
performed in the On-Site Containment Area (See Figure 1-2). Approximately 
400 drums containing sludge and semi-solids of unknown· types were reportedly 
disposed of in the On-Site Containment Area. The use of on-Site areas for drum 
storage is evident in the 1970 aerial photograph contained in Appendix A 

-
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Incinerators. The incinerators previously mentioned operated between about 
1966 or 1968 and 1970. The incinerators were located on the eastern portion of 
the property near Colfax Avenue (Figure 1-2). Over this time period, 

approximately 2 million gallons of on-Site and off-Site waste were reportedly 

burned per year in the incinerators. 

At the present time, still bottoms from the solvent reclamation operations are 

disposed of off-Site. Waste solvents are either disposed of off-Site, or disposed of 
in ACS's secondary fuel blending program. Wastewater originating from the 

solvent reclamation, small batch, and epoxidation operations, as well as non
contact cooling water and water from boiler blowdown operations, is routed to 
the City of Griffith sewer system. 

Griffith Municipal Landfill and Kapica/Pazmey. The Griffith Municipal Landfill 
has been in operation since the 1950's. Currently, the landfill accepts solid waste. 

Kapica Drum, Inc. (later Pazmey Corporation) operated between 1951 and 1987. 
Kapica Drum, Inc. was sold to Pazmey Corporation in February, 1980. Rinse 
water from drums containing hazardous wastes was reportedly disposed of on the 
property, as were liquids from the drums to be reconditioned. Liquid waste from 
the drum washing operations at Kapica/Pazmey reportedly flowed onto ACS 
property intermittently between 1962 and 1983. 

1.3.3 Previous Investi2ations 
The first documented regulatory agency concern for the ACS facility was 
apparently expressed by the Indiana State Board of Health (ISBH) on April 12, 
1972. Table 1-3 provides a chronology of site events and regulatory agency 

activities. This table has been modified from CDM, 3/26/85, Table 1. 

During an inspection on April 12, 1972, the ISBH noted a number of 

environmental problems at the ACS Site, including the discharge of liquids onto 
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the ground. Over the period April1972 to September 1973, numerous inspections 
of ACS were made by the ISBH. Concerns during these inspections centered 
around waste handling, spill prevention, and site maintenance. During the period 
September 1974 to September 1975, ISBH interest in the Site centered on 
allegations of discharging chemicals to the sanitary sewer and dumping chemicals 
on-site. There was little ISBH activity concerning ACS between September 1975 
and December 1982 (COM, 3/26/85). 

U.S. EPA activities involving ACS began in February of 1980. At this time, U.S. 
EPA Region V made an Identification and Preliminary Assessment of ACS as a 
potential hazardous site (COM, 3/26/85). 

The first sampling at ACS by U.S. EPA was performed in May 1980 by the U.S. 
EPA Environmental Emergency and Investigation Branch. The purpose of this 
sampling was to determine if off-site migration of waste or leachate was 
occurring. This sampling event centered on the Off-Site Containment Area and 
the Griffith Landfill. Samples were obtained of soil, leachate and surface water 
(USEPA, 5/8/80). A variety of organic compounds were found present in the 
samples analyzed, including phenol, isophorone, napthalene, fluorene, 
phenanthrene, anthracene, bis (2-chloroethyl) ether, and phthalates (COM, 

3/26/85 and Weston, 10/23/89). 

On September 9, 1980 an on-Site inspection/investigation was performed by the 
U.S. EPA Field Investigation Team (FIT). Noted during this investigation were a 

leachate spring along the northeast side of the Off-Site Containment Area, 
vegetation damage, and partially exposed drums (Ecology and Environment, 

9/11/80). 

In July, 1982, the U.S. EPA FIT installed four monitoring wells near the Off-Site 
Containment Area and the Griffith Landfill. Sampling of these wells indicated the 
presence of several volatile organic compounds, including chloroethane, benzene, 
and vinyl chloride (Weston, 12/84). 
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In June, 1983, an HRS score was assigned to the ACS Site. This score consisted 
of: Groundwater Route Score, 59.86; Surface Water Route Score, 8.89; Air Route 
Score, 0.00; Overall Average Score, 34.98. 

On November 29, 1984, a site assessment of the ACS Site was performed by the 
U.S. EPA Technical Assistance Team (TAT). This site assessment centered on 
the Off-Site Containment Area and Treatment Lagoon #1. On December 12, 
1984, the TAT made a Spill Prevention, Countermeasure, and Control (SPCC) 
inspection of the facility. No conditions were noted which could pose an imminent 
threat to the public safety, other than an abandoned fuel tank on the Off-Site 
Containment Area (Weston, 12/84). 

In 1984, ATEC Associates, Inc. (ATEC) performed a Preliminary Hydrogeologic 
Site Assessment for ACS. This investigation consisted of the installation of soil 
borings, monitoring wells, groundwa,ter sampling and analysis, water level 
measurements, and a site geophysical survey. Organic chemicals detected in the 
groundwater monitoring wells included benzene, ethylbenzene, toluene, and other 
acid/base/neutral compounds (ATEC, 1/14/85). 

Preliminary planning documents for the RI/FS at ACS were developed for the 
U.S. EPA by Roy F. Weston. In 1986, a group of approximately 125 potentially 
responsible parties (PRPs) appointed a nine-member steering committee to 
organize, oversee and determine funding for the RI/FS. In conjunction with the 
U.S. EPA and the Steering Committee, Warzyn developed a Work Plan for the 
RI/FS in April 1988. The Work Plan was subsequently approved by the U.S. 
EPA The field investigation for Phase I of the RI began in July of 1989. 

On June 1, 1989, the U.S. EPA TAT conducted sampling at the Griffith Landfill. 
Two surface water samples, and one soil sample were collected. Numerous VOCs 
were detected in the samples, but were also detected in the blanks. 
Acid/base/neutral compounds were detected in one of the water samples 
(Weston, 10/23/89). 

V251RI Section 1/PN 
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SECfiON2 
INVESTIGATION METHODOLOGIES 

The RI was planned to determine the nature and extent of contamination at the 
ACS NPL Site in the media of soils, surface water, sediment, and groundwater. 
Field Investigations were conducted in three phases. The general goal of Phase I 
was to identify the contaminated areas and media; the general goal of Phase II 
was to determine the extent and character of the contamination in the areas and 
media identified as contaminated. Phase III was conducted to establish the 
assumed rate of contaminant plume migration and to deterimine if the plume in 
the lower aquifer had moved off-Site. The same basic investigative 
methodologies were used during all phases of the investigation. The methods 
included: geophysical survey; installation of monitoring wells; construction of 
staff gages and piezometers; performance of auger probes and soil borings; the 
excavation of test pits; the collection of groundwater, surface water and sediment 
samples; and the performance of aquifer tests. 

All the sampling and activities were conducted in accordance with the approved 
Quality Assurance Project Plan and Addenda. The remainder of this section 
provides the technical details of the field procedures used during both phases of 
the investigation. 

2.1 Geophysical Methods 
Grid Layout 

Two grids were established for conducting geophysical surveys; one in the Off-Site 
Containment Area, and the other in the On-Site Containment Area. Each grid 
was monumented with marked flags on a 45-foot grid spacing. Gridded areas for 
geophysical surveys are shown on Figures 2-1 and 2-2. 

At the Off-Site Containment Area grid, wooden stakes were set at twelve grid 
locations to provide more permanent benchmarks in case it became necessary to 
re-establish the grid. The general procedure followed when conducting the 
surveys was to traverse the area, collecting readings on the instrument each 15 
feet. Traverse lines were spaced 15 feet apart, guided by the flagged lines. 
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A vertical magnetic gradient survey was conducted at the Off-Site Containment 
Area. An EDA Omni IV Tie-Line Magnetometer with gradiometer was used to 

obtain the data. The gradiometer sensor was considered most appropriate 

because: it is insensitive to fluctuations in the earth's magnetic field, it has a wide 
operation range, permitting the instrument's use in the earth's magnetic field, its 

wide operation range permits the instrument to be used in areas containing high 
amounts of ferrous metal which could preclude the use of a total field instrument, 
and because gradient resolution is significant for shallow targets. 

The gradiometer instrument consisted of two total magnetic field sensors 
separated by 0.5 m, mounted on a vertical staff. The sensors recorded total 
magnetic field readings simultaneously and the gradient was calculated as a 
function of the sensor separation distance. The readings and station locations 
were stored in a data logger which was downloaded to a field computer daily. 

The vertical gradient measurements were obtained on a 15 foot grid resulting in a 
total of 1,050 stations. Duplicate readings were recorded at approximately 75 
stations for quality control purposes. The data is tabulated in Appendix C. 

EM Surveys 

Electromagnetic (EM) terrain conductivity surveys were conducted at the On-site 
and Off-site Containment Areas. The EM surveys were conducted by Fromm 
Applied Technology of Mequon, Wisconsin. The readings were obtained with an 

EM31D instrument with an attached data logger. The instrument was operated in 

the quadrature phase mode which provided direct terrain conductivity readings in 
millimhos per meter. The conductivity readings were obtained on 15-foot 

intervals at both areas. The data is tabulated in Appendix C. 
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In addition, the Still Bottoms Area was traversed with the EM instrument in the 
in-phase (metal detection) mode in order to verify the approximate dimensions of 
the disposal area. 

2.2 Monitorin~: Device Installation 
2.2.1 Upper Aquifer Monitorin&: Wells 
Upper aquifer monitoring wells were constructed at six locations during Phase I. 
An additional 8 upper aquifer monitoring wells were installed during Phase II 
(Figure 2-3). The well borings were drilled using 4-1/4-inch ID hollow stem 
augers, and generally extended to the clay confining layer underlying the upper 
aquifer. Split spoon samples were collected at 2-1/2-foot intervals {ASTM 
01586-84). Each split spoon sample was screened for volatile organic vapors 
using an HNu (11.7 eV lamp) and field classified by the supervising geologist. 
Boring logs for each monitoring well location are contained in Appendix D. 
Construction details are contained in Appendix E. Well completion details are 
summarized in Table 2-1. 

Three samples of unconsolidated material were collected at each Phase I 
monitoring well for physical analyses in the Warzyn Geotechnical Laboratory. At 
each location, one split spoon sample was collected in the vadose zone, one split 
spoon sample was collected in the screened zone of the aquifer, and one sample 
was collected by Shelby tube (ASTM D1587) from the top of the clay confining 
layer beneath the upper aquifer. Shelby tube samples were collected by pushing 
the tube into the clay approximately 24 inches (or until refusal). The tube was left 
to stand for approximately 10 minutes to allow the clay to adhere to the inside of 
the tube. 

Split spoon samples were submitted to the laboratory for grain-size analysis and 
Atterberg limits testing. The Shelby tube samples were submitted for laboratory 
permeability tests. The split spoon samples were collected in jars and chilled for 
transportation to the laboratory. Shelby tube samples were capped and sealed on 
both ends with hot wax prior to shipment. Results of geotechnical analysis for 
grain size and laboratory permeability are contained in Appendix F, and 
summarized in Table 2-2. Aquifer samples exhibited no plastic qualities, so 

Atterberg limits could not be assessed. 
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Upon completion of the borings, stainless steel (304) monitoring wells were 
installed with ten-foot, 0.01 inch slot, stainless steel screens located to intersect 
the water table. The casing and well screen were assembled and lowered to the 
pre-determined depth through the hollow stem auger. No. 30 flint sand was 
poured down around the well, inside of the augers as they were pulled up 
incrementally to assure a solid and uniform sand pack around the screen. A 1 1/2 
to 2 1/2 foot bentonite seal was placed approximately 2 feet above the screen in 
the same manner. The remainder was filled with a cement-bentonite grout using 
a hose to tremie it down to the bentonite seal from the surface. A locking 
protective casing was then set into the cement, covering the well. Each well was 
marked with its respective number. 

The split spoon samplers were decontaminated between each sample with a TSP 
wash and a potable water rinse. The drilling equipment and tools were steam 
cleaned before each well boring. The screens and riser were also steam cleaned 
and wrapped in plastic until installed. 

2.2.2 Lower Aquifer Monitoring Wells 
Four lower aquifer monitoring wells were installed during Phase II of the RI. 
Locations of these wells are illustrated in Figure 2-3. Boring logs and 
construction details for the wells are included in Appendices D and E. 

The borings for the lower aquifer monitoring wells were advanced in the 
following manner. Each boring was drilled to the top of the clay confining layer 
with 4 1/4-inch I.D. hollow stem augers. Sampling of the boring was performed 
on 2 1/2 foot intervals to the top of the clay confining layer. After the confining 
layer was encountered, each boring was redrilled with 8 1/4-inch I.D. hollow stem 
augers equipped with a bottom wood plug. A 6-inch diameter permanent steel 
casing was placed in the boring and pounded approximately 1 foot into the clay 
layer. The annulus around the casing was tremie-grouted with cement-bentonite 
slurry, and the lower 3 feet of the casing were filled with the grout mixture. The 
grout was allowed to set up for at least 48 hours before additional drilling 
activities commenced. 

-

-

-
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After the grout had set up, the borings were advanced through the clay and into 
the lower aquifer using the rotary wash technique with a 4 7 /8-inch diameter tri
cone roller bit. Both units were sampled continuously with a split spoon sampling 
device, and 5-inch diameter, threaded temporary casing was advanced as drilling 
progressed. 

At a depth of approximately 10 feet below the top of the lower aquifer, each 
lower aquifer monitoring well was installed. Each well consists of 2-inch 
diameter, threaded, 304 stainless steel casing and 2-inch diameter, 0.010-inch slot, 
304 stainless steel screen. Each screen is five feet in length. The casing and well 
screen were assembled and lowered to the pre-determined depth through the 
temporary casing. No. 30 flint sand was poured down around the well, inside of 
the temporary casing as it was pulled up incrementally to assure a solid and 
uniform sand pack around the screen. A bentonite seal at least 2 feet in thickness 
was placed approximately 2 feet above the screen in the same manner. The 
remainder was filled with a cement-bentonite grout using a hose to trernie it down 
to the bentonite seal from the surface. A locking protective casing was then set 
into the cement, covering the well. Each well was marked with its respective 
number. The SAP called for bentonite grout to be used above the bentonite seal 
to within 3 feet of the surface and for cement-bentonite grout from this point to 
the surface. However, based on a field decision cement-bentonite grout was used 
from the seal to the surface. 

2.2.3 Piezometers 
During Phase I, 41 piezometers were installed (Figure 2-3). Piezometer 
installation was accomplished in the following manner. Piezometer installation 
was completed following the guidelines described in the QAPP and SAP, except 
drilling was used on all installations, instead of jetting most of them into the 
ground as originally planned. The piezometer borings were drilled using 3-1/4-
inch ID hollow stern augers. The holes were visually logged by the cuttings as 
they were brought up by the augers. The piezometer casings, screens and caps are 
constructed of 1 1/2 inch ID, threaded, flush-joint PVC. The screens are five feet 
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in length with 0.01 inch slots. The piezometers were assembled and lowered into 
the augers and set with the upper portion of the screen intersecting the water 
table. The augers were then removed, leaving the piezometer in place and 
allowing natural cave-in to occur around the screen. The annular space around 
the casing was then backfilled with cuttings to 2 feet below surface and the 
remainder filled with granular bentonite. Construction details for each 
piezometer are summarized in Table 2-1. 

2.2.4 Leachate Monitorin& Wells 
The details of drilling and installation of the leachate wells were the same as 
those of the monitoring wells except there was no sampling of these boring 
locations and the casing and well screen were constructed of two-inch ID schedule 
40 PVC materials. Boring logs are contained in Appendix D, and well 
construction details are summarized in Table 2-1. 

2.2.5 Staff Ga&es 
Ten staff gages were placed across the site to measure the surface water 
elevations (Figure 2-3). The staff gages consist of steel fence posts which were 
driven into the ground with a hammer. Elevations were established to the top of 
the staff gages by surveying. Measurements were made from the top of the staff 
gage to the surface of the water. 

Due to very soft ground conditions at some of the locations, a few of the staff 
gages had to be driven further down than originally planned. Mter the second 
round of water levels, several staff gages were completely submerged in the water 

due to heavy rains. Since the survey had not yet taken place, these staff gages 
were replaced with longer ones. The old staff gages were left in place and both 
were surveyed so that adjustments could be made to the readings taken at those 
locations during the first two rounds of water levels. 

-
-
--
-

-

-
-
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Soil Area (SA) sampling was conducted at three different areas on the ACS site. 
Two of the areas are located in the Off-Site Containment Area, and one is located 
within the ACS facility. 

A Soil Area sample consisted of a composite sample of soil collected from an 

interval below the ground surface (approximate three feet) at five discrete 

locations within a circular area about 50 feet in diameter. A volatile organic 
compound (VOC) sample was collected, consisting of a grab sample selected 
from one of the five discrete sampling locations. The VOC sample was selected 
to represent the highest contamination based on visual observation and HNu 
readings. Instead of using a shovel and hand bucket auger as specified in the 
QAPP and SAP, it was decided to use the drill rig equipped with the 3-inch outer 

diameter (o.d.) split-spoon sampler and solid flight augers for the Soil Area 
sampling. The boreholes created from the Soil Area samplings were backfilled 
with granular bentonite. The sampling equipment was decontaminated between 
each sampling location with a trisodium phosphate (TSP) wash, potable water 
rinse, and distilled water rinse. 

2.3.2 Aucer Probes (AP) 
Review of historical data, aerial photographs and results of the geophysical survey 

provided a guide to waste burial areas. To optimize the selection of samples for 
contaminant assessment, an auger probe program was used to evaluate the 
vertical and horizontal extent of wastes in known burial areas, and to provide a 
preliminary indication of the types of waste buried. The auger probe program 

was not a part of the original field investigation as outlined in the QAPP and 
SAP, but was added during the field investigation after consultation with, and 
approval by, the PRP Steering committee and the U.S. EPA RPM. During the 

course of the Rl, auger probes were performed at 83 locations. These auger probe 
locations are illustrated in Figures 2-1 and 2-2. 
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In the Kapica/Pazmey area and the Off-Site Containment area, auger 
probes were used during Phase I to document the probable cause for 20 
anomalies indicated during the geophysical survey. Auger probes were 
used during Phase II to further define waste burial areas located during 
Phase I. 

Geophysical surveys in the On-Site Containment Area indicated only one 
anomaly area. Therefore, auger probes were made in a 3 by 5 foot grid 
pattern across the area to provide a visual and HNu screening of the 
subsurface conditions. 

Above ground metallic tanks limited the utility of geophysics in the 
vicinity of the Still Bottoms Area and the Treatment Lagoon Area. 
Therefore, auger probes were used to delineate the extent of buried 
waste in these areas. 

The general auger probe procedure consisted of advancing four-inch outer 
diameter solid flight augers to a predetermined depth with a drill rig, followed by 
pulling the augers up with minimal additional rotation. The material adhering to 
the augers was then examined visually and screened for organic vapors with an 
HNu to determine general thickness and character of the subsurface. The field 
observations and HNu readings for each of the auger probes are summarized in 
Appendix G. 

2.3.3 Soil Borings (SB) 
Seventy-three soil borings were drilled and sampled during the course of the RI. 
Locations of these borings are illustrated in Figures 2-1 and 2-2. Boring logs are 
contained in Appendix D. 

Soil borings were generally advanced with 4 1/4 inch I.D. hollow stem augers. 
The soil borings were sampled with a split spoon (ASTM 01586-84) at 2 1/2-foot 
intervals from the surface to the base of each borehole. The samples were 
visually classified and screened for volatile organic compound vapors (VOCs) 
using an HNu with an 11.7 eV probe. If waste was encountered, sampling 
continued to a depth of at least 1 1/2 feet below the waste. 

-
-

-
-

-

--

----
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Samples collected for laboratory analysis were placed in the appropriate sampling 
containers for shipment to the laboratory for analysis. Quality Assurance 

Sampling, Chain-of-Custody protocols, sample handling, storing, and shipment, 
were conducted as specified in the Quality Assurance Project Plan {QAPP). 

The split spoons were decontaminated between each sample with a TSP wash 
followed by a potable water rinse and distilled water rinse. Upon completion, 

each borehole was backfilled with bentonite grout or Holeplug to the surface. 
Although Holeplug was not specified as a material to seal boreholes in the SAP 
or QAPP, it was used because large subsurface gaps in the Off-Site Containment 
Area made it impractical to use bentonite grout to seal soil/waste borings in this 
area. 

2.3.4 Test Pit Excavations (TP) 

The RI Work Plan specified the excavation of test pits in three areas suspected to 
contain waste buried in drums, including the On-Site Containment Areas, the Still 
Bottoms Area, the filled Treatment Lagoon #1, and the Off-Site Containment 

Area (Figures 2-1 and 2-2). The original plan was to collect two samples at each 
test pit location. One sample at each location would be representative of the 
buried waste material, and the second would be collected deeper from the 

apparently natural soil beneath the buried waste. 

Several modifications were made to the Work-Plan-specified procedure after 
consultation with the U.S. EPA remedial project manager (RPM) and 
representatives from the U.S. EPA's technical oversight consultant, Roy F. 
Weston. 

An additional test pit {TP-1) was excavated in the Kapica/Pazmey Area 
(Figure 2-2) in an area in which soil borings could not be made because 
of large amounts of metallic debris. 

Undersoil samples were collected during excavation only at test pits TP-1 
and TP-2. At locations TP-3 through TP-7, the soil materials were 
generally fine sand, which tended to cave-in to the water table in spite of 
attempts to excavate deeper. Since the waste was buried partially below 
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the water table it was determined to be more practical to return later with 
a drill rig to collect the undersoil sample using hollow stem augers. 

Test pits were excavated with a rubber tire mounted backhoe with a two-foot wide 
bucket, with one cubic yard capacity. The backhoe was used to dig a pit at each 
specified location to uncover buried waste or buried drums. Test pit logs were 
kept in the field. Copies are contained in Appendix H. Excavation and sampling 
operations were performed in Level B personal protective equipment. 

Waste was composited from five separate areas within the bucket to constitute a 
waste sample. Each sample was placed in the appropriate sampling containers for 
shipment to the laboratory for analysis. Quality Assurance Sampling, Chain-of
Custody protocols, sample handling, storing, and shipment, were conducted as 
specified in the Quality Assurance Project Plan (QAPP). 

Mter a representative sample was obtained, the excavation was backfilled with 
the material which had been removed during excavation, and smoothed flat with 
the backhoe bucket. Next, soil adhering to the backhoe was removed, and the 
machine was taken to the decontamination pad, where the bucket and backhoe 
arm were decontaminated by steam cleaning. 

2.4 Surface Water/Sediment Samplin& <SW /SOl 
Surface water samples were collected at five locations during Phase I of the RI. 
Sampling locations are illustrated in Figure 2-4. 

Each surface water sample was collected from the upper one foot of standing 
water, with care taken to avoid disturbing bottom sediments. A stainless steel 
sampling dipper was used to lift water from the water body and pour into the 
sampling bottles. Field measurements of temperature, pH, and specific 
conductance were made and recorded. Several proposed surface water sampling 
locations were not sampled, due to dry conditions. 

-
-
-
-
-

-
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After each sample was collected, the sample containers and equipment were 
transported back to the on-Site Warzyn field office. As stipulated in the SAP, the 
samples were not filtered. The samples were then preserved, packed, and 
transported under chain of custody as described in the Sampling and Analysis 
Plan. The sampling equipment was decontaminated by cleaning in a trisodium 
phosphate wash, followed by a potable water rinse, and a final rinse with distilled 
water. After decontamination, the equipment was sealed in plastic wrap for 
transportation to the next sampling location. 

Sediment samples were collected at eleven locations during Phase I (Figure 2-4 ). 
At several of the locations, both surface water and sediment samples were 
collected. The sample designations for both media at these locations used 
corresponding numbers (i.e., SW-01 was collected at same location as SD-01). 

Each sediment sample was collected using a stainless steel hand bucket auger. 
The auger was turned about six inches into the ground to remove sufficient 
sample volume. After each sample was collected, the sample containers and 
sampling equipment were transported back to the Warzyn field office. The 
samples were handled and transported under chain-of-custody protocols as 
described in the Sampling and Analysis Plan. The sampling equipment was 
decontaminated by cleaning in a trisodium phosphate rinse, followed by a potable 
water rinse, and a final rinse with distilled water. After decontamination, the 
equipment was sealed in plastic wrap for transportation to the next sampling 
location. 

2.5 Aguifer Samplin2 

2.5.1 Aquifer Matrix Samplin" (AM) 
Aquifer matrix samples were collected for VOA and semivolatile compound 
analysis at five locations during Phase II. Sampling locations are illustrated in 
Figure 2-3. 

Soil borings for aquifer matrix samples were advanced with 4 1/4-inch J.D. hollow 

stem augers. A sampling interval was chosen about midway through the 
thickness of the upper aquifer. The sampling interval was based on the results of 
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the Tracer groundwater investigation, which suggested that this depth interval 
should exhibit the highest contaminant concentrations. A three-inch diameter 
split spoon was used to collect a saturated sand sample of the upper aquifer. 
Samples were placed in appropriate containers and shipped to the laboratory 
following required chain-of-custody protocols. 

2.5.2 Confining Layer Sampling 
At each Phase I upper aquifer monitoring well, a Shelby tube sample of the top of 
the clay confining layer was collected for determination of laboratory 
permeability. The Shelby tube sample was obtained by pushing the tube 
approximately 24 inches into the clay confining layer, or until refusal. Each tube 
remained in the boring for approximately 10 minutes, to allow the clay to adhere 
to the inside of the tube. Laboratory permeability results are summarized in 
Table 2-2. 

Sampling of the confining layer for grain size, porosity, total organic carbon 
(TOC) and Atterberg limits was performed at MW-7 and MW-9 during the Phase 
II investigation. A Shelby tube sample was obtained of the clay midway into the 
confining layer at these locations, and submitted for analysis. The results of this 
testing are summarized in Table 2-2. Appendix F contains the raw laboratory 
data. 

2.5.3 Baildown Tests 
Field hydraulic conductivity testing in the form of baildown tests was performed 
at each upper aquifer and lower aquifer monitoring well installed during the RI. 

The basic concept behind these tests is that the rate of rise of the water level in a 
well after "instantaneous" removal of a volume of water is a function of aquifer 
hydraulic conductivity. 

Hydraulic conductivity testing was performed at each upper aquifer well as 
follows: 

-
-
-
-

-
-

-
-
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A volume of water was then displaced as rapidly as possible using a 
stainless steel bailer. 

Water level changes in the well were sensed and recorded by a pressure 
transducer located b~low water level in the well and connected to an 
electronic data logger. Water level measurements were collected 
automatically on logarithmically increasing time steps, starting at 0.003 
minutes. 

Hydraulic conductivity testing was performed at each lower aquifer well using the 
following procedure: 

An initial measurement of static water level was made. 

Pressurization equipment, using breathing-quality air, was used to depress 
the water level within the well to the desired depth. 

The air supply was turned off to instantaneously release air pressure from 
the well. 

Water level changes in the well were sensed and recorded by a pressure 
transducer located below water level in the well and connected to an 
electronic data logger. Water level measurements were collected 
automatically on logarithmically increasing time steps, starting at 0.003 
minutes. 

The analysis of the test data made use of a computational method presented by 
H. Bouwer, and R. Rice, 1977, "A Slug Test for Determining Hydraulic 
Conductivity of Unconfined Aquifers with Completely or Partially Penetrating 
Wells", Water Resources Research, Vol. 12, No.3, pp. 423-428. Analysis of the 
Phase II upper aquifer monitoring wells, and the lower aquifer monitoring wells, 
was accomplished utilizing Geraghty Miller's "AQTESOL V' aquifer test analysis 
computer software. This program performs analysis of test data using the method 
of Bouwer and Rice. 

Hydraulic conductivity testing results are summarized in Table 2-3. Data 
generated during the analysis of the hydraulic conductivity data is contained in 
Appendix I. 
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During Phase II of the RI, a shallow groundwater investigation was performed by 
Tracer Research Corporation to assist in defining the limits of the plume in the 
upper aquifer at the ACS Site. The Tracer Investigation was used as a field 
screening exercise to aid in monitoring well placement, and to aid in defining the 
edge of the contaminant plume using CLP verifiable analyses. During this 
investigation, 55 groundwater samples were analyzed from 38 sampling locations. 
Sampling locations are illustrated in Figure 2-5. 

Samples were acquired for analysis in the following manner. At each location, a 
sampling probe consisting of a 7 to 14-foot length of 3/4-inch diameter hollow 
steel pipe equipped with a drive point was driven to the desired sampling depth. 
The 3/4-inch steel pipe was decontaminated between sampling locations. Once 
the required depth at each location had been achieved, the probe was withdrawn 
several inches to permit water inflow into the resulting hole. A length of 1/4-inch 
diameter polyethylene tubing was inserted through the sampling probe to the base 
of the hole. Water was drawn up through the polyethylene tube under a vacuum. 
The polyethylene tubing was dedicated to each sampling location, and discarded 
after use. 

Groundwater samples were collected in 40-mL VOC vials that were filled 
approximately 3/4 full. Each vial was shaken prior to sample extraction to 
increase volatilization, and samples of the headspace in the VOC vials were 
obtained with a syringe, and then injected into a portable gas chromatograph for 
analysis. Compounds analyzed included benzene, toluene, ethylbenzene, xylenes, 
and total hydrocarbons. These compounds were selected because BETX 
compounds were found in Phase I samples to be representative of the upper 
aquifer contaminant plume. Figure 2-6 summarizes the results of the 
investigation. Appendix J contains the analytical data generated. 

-
-
-
-
-
-
-

-

--
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During Phase I, Phase II, and Phase III groundwater sampling, field parameter 
measurements of temperature, pH, and specific conductance were made at each 
well. In addition, field measurements of Oxidation/Reduction Potential (Redox) 
and Dissolved Oxygen content were made during Phase II, Round II sampling. 
Field parameters are summarized in Appendix K. 

2.6.3 Monitoring Well Samplin~ (GW) 
Two sampling rounds were performed at each of the Phase I and Phase II 
monitoring wells. The sampling procedure at each well included: 

measuring static water level with an electronic water level indicator or 
tape with attached "popper"; 

purging well by bailing approximately three times the well volume; 

collecting appropriate volumes of groundwater, preserving, filtering (as 
necessary), handling and shipping to the analytical laboratory, in 
accordance with the protocols listed in the Sampling and Analysis Plan; 
and 

making field measurements of temperature, pH, and specific 
conductance. 

Following purging, when water level had recovered, sample volumes were 
collected in the following order: (1) two 40-ml vials for volatile organic analysis, 
(2) four one-liter glass amber bottles for semi-volatile organic analysis, pesticides 
and PCBs, and (3) five one-liter polyethylene bottles for metals, cyanide, total 
organic carbon (TOC), nitrate-nitrite, ammonia, chemical oxygen demand 
(COD), chlorides, alkalinity, sulfate, total dissolved solids (TDS), and total 
suspended solids (TSS). One 250-ml polyethylene container was filled for field 
parameters. Preservatives were added to sample containers for metals, cyanide, 
TOC, nitrate-nitrite, ammonia, and COD within one hour of sample collection. 
The metal samples were field-filtered to remove solids to 0.45 microns before 
being preserved with the QED Quick Filter in-line pressure filtration system. 
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During Phase III, one round of groundwater samples have been collected from 
the eight lower aquifer monitoring wells and have been analyzed for volatile 
organic compounds. Samples have also been collected from upper aquifer 
perimeter wells MW-11, MW-12, MW-13, MW-14, MW-15, and the two Phase III 
upper aquifer wells (MW-19 and MW-20). Samples from these upper aquifer 
wells were also analyzed for volatile organics. An additional round of sampling 
will be performed at these wells over the period August to October 1991. 

Quality Assurance Sampling, Chain-of-Custody protocols, sample handling, 
storing, and shipment, were conducted as specified in the Quality Assurance 
Project Plan (QAPP). 

The sampling equipment (i.e., bailer and cable) were decontaminated before and 
after each sampling. The decontamination procedure for each equipment item 
was: a wash with trisodium phosphate (TSP) solution, a rinse with potable water, 
and a final rinse with distilled water. The decontaminated equipment was placed 
in clean plastic bags for transportation to the next sampling location. 

Water level measurements were obtained on several occasions during the course 
of the RI, in addition to those obtained during routine groundwater sampling. 
These measurements are summarized in Table 2-4. 

2.6.4 Leachate Sampling (LW) 
Four (4) leachate water samples were collected from Griffith Municipal Landfill 
leachate wells LW-1 through LW-4. The samples were submitted for EPA Target 
Compound List (TCL) and Target Analyte (TAL) parameters. The sampling 
procedure at each leachate well included: measurement of static water /leachate 
elevation, removal of approximately three times the static volume of 
water /leachate, and field measurement of temperature, pH, and specific 
conductance. After the well had recharged from purging, sample volumes were 
collected in the following order: (1) two 40-ml vials for volatile organic 
compounds (VOCs); (2) four one-liter glass amber bottles for semi-volatiles, 
pesticides and PCB analysis; and (3) five, one-liter polyethylene bottles for 

-
-

-
-
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metals, cyanide, total organic carbon (TOC), nitrate-nitrite, ammonia, chemical 
oxygen demand (COD), chlorides, alkalinity, sulfate, total dissolved solids (IDS), 
and total suspended solids (TSS). One 250-ml polyethylene container was filled 
for field parameters. Preservatives were added to the metal, cyanide, TOC, 
nitrate-nitrite, ammonia, and COD within one hour of sample collection. 

The sampling equipment (i.e., bailer and cable) were decontaminated before and 
after each sampling. The decontamination procedure for each equipment item 
was: a wash with trisodium phosphate {TSP) solution, a rinse with potable water, 
and a final rinse with distilled water. The decontaminated equipment was placed 
in clean plastic bags for transportation to the next sampling station. 

Quality Assurance Sampling, Chain-of-Custody protocols, sample handling, 
storing, and shipment, were conducted as specified in the Quality Assurance 
Project Plan (QAPP). 

Two additional leachate samples (LW05 and LW06) were collected from 
dewatering areas at the Griffith Landfill during Phase III (See Figure 2-4). These 
samples were analyzed for TCL and TAL parameters. The samples were 
collected with a stainless steel surface water sampling device. The samples were 
preserved as required, and chain-of-custody protocols, sample handling, storage, 
and shipment were performed as specified in the QAPP. 

2.6.5 Private Well Sampling (PW) 
Private well sampling was performed at eight locations during Phase II of the Rl, 
and two locations during Phase III. Residences where private well samples were 
obtained are illustrated in Figure 2-7. Available well logs are contained in 
Appendix L. Each of the private wells sampled is screened in the lower aquifer; 
no upper aquifer wells were sampled. Private wells identified within the Site 
vicinity are presented in Table 2-5. 
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At each private well location, a sampling location was chosen where well water 
did not undergo any treatment or softening. The water was allowed to run for 
approximately 15 minutes, and field measurements of temperature, pH, and 
specific conductivity were obtained at five-minute intervals. A calculation of 
purge volume was made at each sampling location, by determining the rate of 
flow into a five-gallon pail. 

Samples were collected in the same parameter sequence as followed for 
monitoring well samples. Preservatives were added as required. Private well 
samples were not filtered. 

Quality Assurance Sampling, Chain-of-Custody protocols, sample handling, 
storing, and shipment, were conducted as specified in the Quality Assurance 
Project Plan (QAPP). 

V251RI Section 2/PN 

-
-
-
-
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-
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3.1 INTRODUCTION 

SECI10N3 
FlEW OBSERVATIONS 

The Remedial Investigation was conducted in three phases. The purpose of Phase I 
was to evaluate the groundwater flow and character of potential contamination in the 
upper aquifer, and characterize buried waste at the ACS NPL Site. The purpose of 
Phase ll was to complete delineation of any upper aquifer contamination, to delineate 
the vertical and horizontal extent of buried waste in the areas identified during the 
Phase I investigation, and to collect samples from wetlands surrounding the Site. A 
limited third phase was implemented to complete the groundwater delineation 
objectives of Phase ll and to support the risk assessment assumptions at the Site. 

A full understanding of the site characteristics and contamination results from an 
evaluation of all the sampling results from Phase I, II and III. That evaluation is 
provided in Sections 4, 5, and 6 of this report. The purpose of this section is to provide 
a narrative description of the RI, and how it progressed from Phase I through Phase III. 
As a result, the section describes Phase I sampling results, and does not focus on the 
Phase ll and Phase III findings. This section should not be taken as an evaluation of 
the site conditions, but as a description of the conceptual approach to investigating the 
Site, and a summary of the rationale for the sampling which was conducted. 

The Work Plan provided for the collection of 48 soil and waste samples to characterize 
the sources of contamination in Phase I, and the collection of an additional 20 samples 
in Phase II to complete the delineation of identified contamination. On the basis of the 
Phase I results, it was evident that 20 additional samples in Phase II would be 
insufficient to adequately characterize the full extent of contamination at the Site. 
Phase I identified 18 discreet areas of contamination at the Site. While VOCs were 
present in most areas, PCB and PAH contamination was less widespread. Since the 
presence of PCBs and P AHs has considerable impact on the cost of remediation, it was 
determined that it was necessary to more specifically define the horizontal and vertical 
extent of the various types of contaminants. This detailed definition was necessary to 
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determine volumes and types of wastes for the FS. The PRPs and Warzyn worked with 
the U.S. EPA RPM to develop a Supplemental Technical Investigation (STI) to 
supplement the Work Plan with an adequate number of appropriate samples. The 
supplemented Work Plan replaced the 20 full TCL/TAL Phase II samples with 109 
samples collected from multiple depths at 59 locations. 

The field work was conducted in four general areas: the landfill, surficial soil areas, 
buried waste, and groundwater. The remainder of this section of the RI Report 
presents the field observations from both Phases of the RI, with a focus on the rationale 
for selecting Phase II and Phase III sampling locations and parameters. 

3.2 LANDFILL INVESTIGATION 
The focus of the investigation in the Griffith Municipal Landfill Area was the inactive 
portion to the south and east (Figure 1-2). The investigation of the landfill included 
placement and sampling of four leachate head wells (LW-1 through LW-4) during 
Phase I. On the basis of the Phase I results, no additional investigation was necessary 
for Phase II. During Phase III, samples were obtained from the areas where leachate is 
being discharged in order to determine the characteristics of the leachate effluent. 

Additional analytical data was collected from monitoring wells MW-1 and MW-15 
located on the south boundary of the landfill. Water level data was collected at several 
piezometers and staff gages placed in and around the landfill to document groundwater 
flow conditions in this area. Water levels indicate leachate is generally not mounding 
but is discharging to the dewatering area. 

3.3 SURFICIAL SAMPLING 
Sampling of surficial soil, sediments and waters was conducted in both phases of the 
investigation. The sample groupings include soil area (SA) samples and surface 
water/sediment (SW, SD and SD/SW) sampling. Soil area samples were collected 
within the ACS facility at the site of the former incinerator and at the Kapica drum 
recycling area. Surface water and sediment samples were collected in the Fire Pond 
within the ACS facility, in the ditch west of the Off-Site Containment Area, and in the 
wetlands on the downgradient sides of the Site. 

-
-
-

-

-
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Surficial soil samples were required in the Work Plan near the On-Site Containment 
Area during Phase I. However, it was decided between the RPM and Warzyn during 
the field staking exercise prior to Site work that soil area samples collected in this 
location would not benefit the investigation because it was unlikely that the soils were 
contaminated. This conclusion was reached because of knowledge of past activities, 
recent filling and grading, and because of the high permeability of the soils. It was 
assumed that the high permeability would facilitate volatilization and natural washing 
due to precipitation. 

3.3.1 Former Incinerator Area 
During Phase I, one soil area sample (SA-3) was collected in the former incinerator 
area. The sample consisted of surficial soil material, collected from a depth of 6 to 18 
inches and composited from five discrete areas into a single sample. The sample was 
analyzed for full TCL and TAL parameters. Phase I results indicated that additional 
sampling would not be necessary, since relatively low levels of contaminants were found 
at this location (See Table 5-2). Compounds detected included VOCs, BETX, 
phthalates, and P AHs. 

3.3.2 Kapica Drum Recyclin& Area 
3.3.2. 1 Phase I InvestiKation. In the Phase I investigation, two soil area samples were 
collected at the Kapica/Pazmey area (SA-l and SA-2). Locations are shown on Figure 
2-2. The samples were composite samples from 6 to 18 inch depths at five discrete 
locations across an approximately 50 by 100 foot area. Sample SA-l was located 
northwest of the Kapica building and SA-2 was located north of the building. 

In both soil areas, the surface and near surface soils consisted of brown and gray sandy 
fill containing metal debris including drum lids and parts. Traces of colored organic 
material and sludge were noted throughout the area. Solvent-like odors were detected 
and elevated HNu readings were recorded on the boring logs (Appendix D). Samples 
were analyzed for full TCL and TAL parameters and found to contain PCB 
contamination, so additional sampling was planned for Phase II. 
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3.3.2.2 Phase n Investigation. Phase I results indicated PCBs were the contaminant of 
concern in surficial soils. To better document the horizontal and vertical distribution of 
PCBs in the surficial soils further PCB sampling was conducted in Phase II. The 
sampling consisted of making a grid of 12 shallow borings (SB-43 through SB-54) and 
collecting samples at two discrete depths, 0-1 foot and 3-4.5 feet. The sampling 
locations were layed-out across the Kapica Area in a regular grid with approximately 
50-foot spacing. 

3.3.3 Surface Water Draina~ Areas 
3.3.3.1 Phase I Investigation. The approved work plan designated 11 locations for 
collecting both surface water and sediment samples. During the pre-investigation Site 
meeting between the U.S. EPA and Warzyn, several of the locations allocated in the 
approved work plan were modified, and several of the locations were designated as 
sediment-only sampling locations. Changes in locations were appropriate because site 
operations, particularly in the landfill vicinity, have changed to different areas. In 
addition, some of the locations appropriate for sediment sampling did not contain 
standing water, so the surface water sample was eliminated for these locations. 

Phase I sampling locations were designated as SDOl through SD09 and SWOl through 
SW08. These include: two water and sediment locations on the ACS facility 
(SD/SW01 and SD/SW02); two sediment locations in the marsh west of the ACS 
facility along a surface water run-off route (SD03 and SD04 ); one surface water and 
sediment location in the drainage ditch just west of the Off-Site Containment Area 
(SD/SWOS); one sediment locations in the marshy area south of the landfill (SD06); 
three locations along the drainage ditch in the west marsh (SD/SW07A and SD07B) 
and between ACS and the landfill (SD07C); and two locations in the marshy areas east 
of the landfill (SD/SW08 and SD09). The samples were analyzed for full TCL and 
TAL parameters. 

3.3.3.2 Phase II Investigation. Phase I sampling indicated low levels of PCBs in 
samples located along surface water drainage routes between ACS and the landfill. 
Phenolic compounds were detected in the surface water near the Off-Site Containment 
Area. Six additional sediment samples were collected in Phase II (SD10-SD15) and 
analyzed for full TCL and TAL parameters. These areas are locations where 

-
-
-
-
-
-
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groundwater discharges to the surface to form surface water run-off. The purpose of 
the sampling was to identify any contamination resulting from the discharge of 
contaminated groundwater. 

3.4 BURIED WASTE INVESTIGATION 
3.4.1 On-Site Containment Area 
The On-Site Containment Area was identified and named by the U.S. EPA FIT team in 
1985. It is a rectangular area approximately 250 feet north to south and 450 feet west to 
east, located in the northern third of the fenced ACS facility (Figure 1-2). 

U.S. EPA reports indicated that the area was used to store drums of waste materials 
prior to 1975. An aerial photograph of the Site from 1970 (Appendix A) shows rows of 
ground cover in this area which it is reasonable to assume are drums. An aerial 
photograph from 1973 (Appendix A) indicates that the area is clear with no sign of 
drums on the ground surface. At the present time, the area is flat with no vegetation, 
no surface construction, and little debris. Coarse sand and gravel covers the entire 
area. 

The field investigation for the On-Site Containment Area was conducted in two phases. 
The purpose of the first phase was to identify any potential contaminant sources in the 
area; the purpose of the second phase was to document the horizontal and vertical 
extent of the contamination, and to identify the concentrations of the contaminants 
present. Investigative procedures included the following: 

Phase I 
Aerial photograph review 
A geophysics investigation 
15 auger probes 
1 test pit excavation 
6 soil borings to collect soil samples at two depths 
Analysis of 12 soil samples for TCL/T AL parameters 
Surveying horizontal and vertical locations of auger probes, test pit and soil 
borings. 

Phase TI 
6 additional soil borings to collect soil samples at three depths. 
Analysis of 18 soil samples for TCL volatile organic compounds. 
Surveying horizontal and vertical locations of soil borings. 
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Aerial photographs of the Site vicinity from 1954, 1958, 1965, 1970, 1973, and 1980 were 
evaluated. These indicate that numerous drums were stored on the On-Site 
Containment Area from 1968 until after 1970. The evidence of drums is gone in an 
aerial photograph dated 1973 (Appendix A}. 

Geophysical Investigation 
Prior to initiating any intrusive investigation methods, a geophysical survey was 
conducted across the On-Site Containment Area, using an Electromagnetic (EM) 
terrain conductivity instrument. Instrument readings were taken at each intersection of 
a 15-foot grid over the 250 by 450 foot On-Site Containment Area. The raw data and 
contour plots are contained in Appendix C. 

The EM survey indicated one major conductivity anomaly and several small anomalies. 
The large anomaly was further investigated by making a test pit excavation. The others 
were investigated by auger probe. 

Phase I Au&er Probes 
Since there was only large one geophysical anomaly, auger probes were used to identify 
the appropriate points to select locations for six sampling borings. A detailed 
description of the investigative method is included in Section 2 of this report. 

Fifteen auger probes {AP-21 through AP-35) were made in a grid with approximately 
100 foot spacing. The locations of several auger probes were modified from exact grid 
coordinates to investigate the minor geophysics anomaly areas. {A detailed description 
of the investigation methodology is included in Section 2 of this report.) The on-site 
geologist kept a written log of the observations and HNu readings for each auger probe. 
Please refer to Appendix G for further details. 

Phase I Soil Borings 
In accordance with the approved Work Plan, soil borings were made at six locations for 
the purpose of collecting samples for analysis from two separate depths. (A detailed 
description of the investigation methodology is included in Section 2 of this report.) 

-
-
-
-
-

-
-
-
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Soil borings SB-08 through SB-13 were collected in the On-Site Containment Area 
during Phase I of the investigation. The six locations were selected on the basis of the 
geophysical survey and auger probe findings and approved by U.S. EPA RPM. 

The general procedure at each location was to drill with hollow stem auger, collecting 
split-spoon samples at 2.5-foot intervals. One soil sample was collected for laboratory 
analysis from two discrete depths in each borehole. The sampling intervals were 
selected (on the basis of visible evidence of contamination and HNu VOC readings) to 
represent the most highly contaminated zones in the boring. Each sample was analyzed 
for full TCL and TAL parameters. 

Based on the EM survey and auger probe findings, specific soil boring locations were 
selected for subsurface soil sampling and analysis. Rationale for the selected soil 
boring locations are as follows: 

SB-08 was drilled near auger probe AP-22 to identify the nature of elevated HNu 
readings and a petroleum-like odor in the underlying soils. Sample SB08-
6' and SB08-10' were submitted for analysis. 

SB09A was drilled near auger probe AP-34 to identify the nature of elevated 
HNu readings in the underlying near surface soils. However, while drilling 
SB09A, similar high HNu readings were not detected. Therefore, this 
boring location was abandoned and relocated further east toward AP-33. 
No samples from SB09A were submitted for analysis. 

SB09 and 
SBlO were drilled and sampled near auger probe AP-33 to identify the 

perimeter conditions of a mounded area in which drums are reported to be 
buried. AP-33 was drilled into the mounded area and did encounter 
several drum carcasses and/or lids. The HNu readings recorded were the 
most elevated in the On-Site Containment Area. Samples SB09-6', SB09-
10', SBl0-5' and SB10-10' were submitted for analysis. 

SBll was drilled and sampled near auger probe AP-24 to identify the nature of 
elevated HNu readings in the underlying soils. Samples SBll-5' and SBll-
10' were submitted for analysis. 
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SB-12 was drilled and sampled near auger probe AP-28 to identify the nature of 
elevated HNu reading and possible staining in the underlying soils. 
Samples SB12-5' and SB12-10' were submitted for analysis. 

SB-13 was drilled and sampled near auger probe AP-26 to identify the nature of 
elevated HNu readings and a napthalene-like odor in the underlying soils. 
Samples SB13-5' and SB13-10' were submitted for analysis. 

At each of these soil boring locations with the exception of SB09A, the subsurface soils 
were sampled at 2.5-foot intervals to the end of the boring. Soil samples were collected 
for analytical purposes from the most contaminated interval based on visual 
observations and HNu readings. Each boring was extended beyond the visibly 
contaminated zone in order to collect an undersoil sample. Thus, two subsurface soil 
samples were collected from each soil boring for analytical purposes. 

-
-

A test pit, TP-2, was excavated in the area with the large geophysics anomaly. This area -
is mounded slightly above the flat ground surface characteristic of most of the ACS 
facility. The drums appear to be buried on their sides and closely packed together. 
Various liquids were observed in soil surrounding the drums, such as brownish water, 
an oil-like liquid, and a viscous blue liquid leaking from several drums. The majority of 
drums were noted to be dented, corroded and/or mangled. Native soil was 
encountered at about 5 feet below the surface beneath the buried drums. 

Two samples were collected from the test pit and submitted for laboratory analysis of 
TCL and TAL parameters. A sample from TP-2 was collected to represent the waste 
materials leaking from several of the drums and saturating the soil surrounding the 

drums. A sample from SB-10 was collected from the natural soil which underlies the 
drums and contaminated soils. 

The laboratory test results are described and evaluated in Section 5.4 of this report. 

3.4.1.2 Phase II Investigation. Phase I field observations and analytical results indicate 
that two discrete areas of contamination exist in the On-Site Containment Area. The 
East Area consists of most of the area and is characterized by relatively high levels of 
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volatile organic contamination at and below the water table. The West Area is the 
major geophysical anomaly area which was found to contain buried drums. 

Phase I analytical results indicated: 

East Area 

West Area 

A majority of the Phase I samples indicated VOC contamination in 
the zone at and below the water table. 

Both samples collected from the buried drum zone contained VOCs, 
P AHs, and PCBs. 

The purpose of the Phase II sampling in the East Area was to document the vertical 
and horizontal extent of VOC contamination in the subsurface. Sampling consisted of 
making 6 additional soil borings, which, together with Phase I sampling, make a 3 by 3 
(9 point) sampling grid. The Phase II soil borings included SB55 through SB60. 
Locations are shown on Figure 2-1. Phase II samples were collected at two depths and 
laboratory analyzed for VOCs according to the following rationale: 

7 feet 
16 feet 

Approximately at the water table 
At the base of the upper aquifer 

The purpose of Phase II sampling in West Area was to document the vertical and 
horizontal extent of subsurface contamination and to differentiate, to the degree 
possible, between the extent of VOC contamination and the extent of PCB 
contamination. Phase II sampling included eight additional soil borings (SB61 through 
SB68). Locations are shown on Figure 2-1 ). Phase II samples were collected at two 
depths and laboratory analyzed for VOCs and PCBs, according to the following 
rationale: 

7 feet 
16 feet 

Approximately at the water table 
At the base of the upper aquifer 

The results of Phase II laboratory tests are described and evaluated in Section 5.3 of 
this report. 

3.4.2 Still Bottoms Area 

The Still-Bottoms Area was identified and named by the aerial photographs. It is an 
oval area approximately 100 by 150 feet in diameter in the central portion of the fenced 
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ACS facility (Figure 1-2). The east and west flank of the Still-Bottoms Area have been 

covered by the construction of aboveground holding tanks. 

Reports indicate that the Still Bottoms Area was a bermed, aboveground lagoon used 

to temporarily store still-bottoms material prior to off-site disposal. The lagoon was 
reportedly closed during 1975. The closure consisted of filling the bermed area with 
solid materials and covering it with crushed rock. 

The field investigation of the Still-Bottoms Area was conducted in two phases. The 
purpose of the first phase was to identify any potential contaminant sources below 

ground in the area; the purpose of the second phase was to document the horizontal 
and vertical extent of the contamination, and to further delineate the concentrations of 
the contaminants present. Investigative procedures included the following: 

Phase I 

Phase II 

Aerial photograph review 
Two auger probes 
Two test pits 
Two soil borings to collect soil samples from below buried waste 
Analysis of four soil samples for TCL/T AL parameters 
Surveying horizontal and vertical location of auger probes, test pit and soil 
borings 

Two additional soil borings to collect soil samples at one depth 
Four additional soil borings to collect soil samples at two depths each 
Surveying horizontal and vertical locations of soil borings 

3.4.2.1 Phase I Investigation. Aerial photographs of the Site vicinity from 1954, 1958, 
1965, 1970, 1973 and 1981 were reviewed (Appendix A contains copies of sections from 
the 1954, 1958, 1970, 1973, and 1981 photographs). These provided a preliminary 

indication of the location and horizontal extent of the bermed area. The area was 

further delineated with auger probes during the investigation. 

-
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As specified by the RI Work Plan, two test pits (TP-6 and TP-7) were excavated into the 

former Still-Bottoms Area. The area is slightly mounded above the flat surface 

between vertical aboveground storage tanks of the active ACS facility. Test pit TP-6 
was excavated near the south end and TP-7 was excavated about 150 feet further north. 

Test pit logs are contained in Appendix H. 

Buried drums were encountered in both TP-6 and TP-7 below about 3 feet of silty sandy 

fill. In TP-6, a blue liquid and various colored gels and solids were found in the sandy 

fill surrounding the buried drums. This material was collected for a waste sample {TP-
6-4 ). The pit was excavated deeper to obtain the undersoil native soils sample and 

submitted for laboratory analysis of TCL and TAL parameters. Because of concern 
that further excavation might cause downward migration of the waste, a field decision 
was made to abandon the efforts of obtaining the native undersoil by excavation and to 

collect the undersoil at this location by soil boring. 

The soils encountered at TP-7 contained an opaque solid jelly-like substance which was 

leaking from a corroded and dented drum. This material was sampled (TP-7-3) along 
with some of the surrounding stained sandy fill and submitted for TCL and TAL 
parameter analysis. After sampling, the test pit was backfilled with the removed 

material. The native undersoil sample at this location was also collected by soil boring. 

Two soil borings with sampling and two auger probes were ad.ded during Phase I 

investigation activities. The two soil borings, SB-17 and SB-18, were drilled at test pit 
locations TP-6 and TP-7, respectively, to collect a sample of the soil from beneath the 
buried waste which had been encountered in the test pits. A soil sample was collected 
from each soil boring and submitted for laboratory analysis of TCL and TAL 

parameters. SB17-6.5' and SB18-7' were collected at those depths to represent the 
underlying native soil conditions below the buried drums identified during test pit 

excavations. Two auger probes, AP-40 and AP-41, were drilled to identify the northern 

boundary of the Still-Bottoms Area. The laboratory test results are described and 
evaluated in Section 5.4 of this report. Visual observations and HNu readings were 
recorded at each auger probe and compiled in Appendix G. 
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3.4.2.2 Phase II Investi~:ation. Phase I field observations and analytical results 
indicated that there is a discrete area of contamination existing in the Still-Bottoms 
Area. Samples from the two areas collected by test pit and soil borings indicated high 
levels of VOCs and PAHs at both locations, and a low level of PCBs at one of the 
locations. Phase I sampling did not identify the lateral extent to the east and north. 

The purpose of the Phase II sampling was to define the horizontal extent of VOC, semi
volatile and PCB contamination to the east and north and to provide additional data to 
evaluate potential PCB concentrations. Sampling consisted of performing six additional 
soil borings (SB-22, SB-23, SB-69, SB-70, SB-71 and SB-72). Results are discussed in 
Section 5.4. The Phase I soil boring samples (SB-22 and SB-23) were collected at one 
depth and analyzed for VOCs, semi-volatiles and PCBs. The depth of 12 feet below the 
ground surface was selected to represent the underlying native soil conditions 
(approximately 5 feet below the water table). Soil boring SB-22 was located midway 
between test pits TP-6 and TP-7, and SB-23 was located approximately 50 feet east
southeast of SB17. 

The Phase II soil boring samples from SB-69, SB-70, SB-71, and SB-72 were collected at 
two depths and analyzed for VOCs, semi-volatiles and PCBs. The two sampling depths 
are 8 (approximately at the watertable) and 20.5 feet (at the base of the upper aquifer). 
These four borings locations were selected in accessible areas near the perimeter in the 
former Still-Bottoms Area. These locations represent the probable extent of 
contamination condition surrounding the buried drums of the Still-Bottoms Area. 

3.4.3 Treatment La~oon Area 
The Treatment Lagoon Area was identified by the EPA FIT team and also by the aerial 
photographs. It is an oval area approximately 200 feet by 100 feet immediately east of 
existing fire pond within the active ACS facility (Both ponds are evident in the 1970 
aerial photograph, Appendix A). The eastern boundary of the Treatment Lagoon Area 
is flanked by above-ground storage tanks near the Still-Bottoms Area. 

Reports indicate the Treatment Lagoon was closed soon after the Still-Bottoms Area 
was filled. The closure reportedly consisted of filling the lagoon with solid material and 
covering it with crushed gravel. The area is currently a parking lot with a surface 
elevation 3 to 5 feet above the surrounding ground level. 

-
-
-

-
-
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The field investigation of the Treatment Lagoon Area was conducted in two phases. 
The purpose of the first phase was to document the characteristics of the buried 
contaminants. The purpose of the second phase was to define the horizontal and 
vertical extent of the contamination and to identify the concentrations of the 
contaminants present. 

3.4.3.1 Phase I Investigation. Aerial photographs of the Site vicinity indicate that the 
existing fire pond was excavated west of the Treatment Lagoon in 1972, and that the 
Lagoon was filled in by 1973. 

Prior to initiating intrusive investigation methods, a geophysical survey was conducted 
across the Treatment Lagoon Area, using an electromagnetic (EM) terrain conductivity 
instrument. The raw data and contour plots are contained in Appendix C. 

As specified in the Work Plan, three test pits (TP3, TP4, and TPS) were excavated into 
the filled lagoon area. The test pits are arrayed south to north above the axis of the 
oval lagoon area. 

Test pit TP-3 was excavated to a depth of about 9 feet. The subsurface soils consisted 
of approximately 8 feet of brown and black sand fill above the watertable. Staining and 
elevated HNu readings were detected at 7 to 8 feet. A drum was encountered buried at 
a depth of 9 feet and a viscous brown liquid accumulated in the bottom of the pit. A 
waste sample (TP-3-9 feet) was collected of the oil-saturated sand surrounding the 
drum. Attempts were made to continue the excavation deeper to collect the native 
undersoil sample, but the walls of the pit continually sloughed in. A field decision was 
made to abandon the attempt to dig below the waste and consider this location for a 
sample collected by a soil boring, later designated as SB-14. 

The subsurface material at TP-4 was similar to that discovered at TP-3. A single drum 
was encountered about 8 feet below the surface and a thin brown liquid accumulated in 
the bottom of the pit. A saturated sand sample (TP-4-8') was collected to represent the 
waste sample and the pit was backfilled with the material which had been excavated. 
Soil sample SB-15 was later collected by auger to represent the undersoil at this 
location. 
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Test pit TP-5 was excavated at the northern end of the lagoon area. Many drums were 
observed buried about 2 feet below ground surface at TP-5. Similar thin brown liquid 
wastes accumulated in the bottom of the pit and were collected along with the sandy 
matrix for a waste sample (TP-5-3 feet). Mter sampling, the test pit was backfilled with 
the removed material. 

During Phase I, seven auger probes (AP-36, AP-37, AP-38, AP-39, AP-42, AP-43 and 
AP-44) were drilled near the perimeter of the Treatment Lagoon to define the extent of 
the buried material within the Treatment Lagoon Area. The auger probes were drilled 
in areas near the estimated perimeter of the Treatment Lagoon which were also 
accessible to a drill rig. Visual observations and HNu readings were recorded at the 
probe location. 

3.4.3.2 Phase II Investigation. The horizontal extent was determined in Phase I from 
the aerial photograph and auger probes. The Phase I sample analyses from TP-3, TP-4, 
and TP-5 indicated high levels of VOCs and PAHs in all three test pits and two of the 
three deeper soil borings. PCBs were not detected in any of the samples. The 
horizontal extent of the lagoon as indicated in the aerial photographs was confirmed by 
the Phase I findings, but the vertical extent remained uncertain. 

The purpose of Phase II sampling was to delineate the vertical extent of contaminated 
soils. Phase II sampling consisted of making four additional soil borings (SB-21, SB-73, 
SB-74 and SB-75). Soil boring sample SB-21 was collected at two depths and analyzed 
for VOCs, PCBs and P AHs. This boring was located near the northeastern most 

perimeter of the Treatment Lagoon Area. The sample depth of 7 feet was selected to 
represent water table conditions and the 12 foot sample depth was selected to represent 
conditions 5 feet into the upper aquifer. The remaining three soil borings SB73, SB74 
and SB75 were drilled near the Phase I test pits TP3, TP4 and TP5, respectively. Soil 
borings, sample depths and rationale are as follows: 

SB73 (5 feet) and SB75 (5 feet) to represent condition of fill material above the 
water table. 

SB73 (19 feet) and SB74 (19 feet) to represent condition of underlying native 
soil at the base of the upper aquifer. 

-
-
-
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SB74 (15 feet) to represent the condition of underlying soil several feet below 
the buried material. 

Phase II soil boring samples were analyzed for VOCs and semi-volatiles. The results of 
the Phase II laboratory tests are described and evaluated in Section 5.4.2 of this report. 

3.4.4 Fire Pond Area 
3.4.4. 1 The Fire Pond. The Fire Pond was identified by aerial photographs and named 
by American Chemical Services (ACS) facility staff. It is an existing body of water that 
occupies an area 200 feet by 60 feet within the active ACS facility. The pond collects 
surface water runoff from the plant's storm sewer system. 

The field investigation for the Fire Pond area was conducted during Phase I to identify 
any potential contaminant source in the pond itself. Sampling consisted of collecting 
surface water sample SW01 and sediment sample SDOl. The results (Appendix Q-3 and 
Table 5-2) indicated only very low levels of VOCs in the surface water. Therefore, no 
further sampling was necessary in Phase II. PCBs and phthalates were detected in the 
sediment sample. 

3.4.4.2 Area West of the Fire Pond. No Phase I field work or sampling was conducted in 
the area west of the existing Fire Pond. However, in Phase I during the construction of 
piezometer P-37 in that area, the auger cuttings were noted to contain traces of sludge
like product with elevated HNu readings. Later, when water level measurements were 
attempted in P-37, a brownish-red oily substance had accumulated in the piezometer. 

It was thought that the liquid in the piezometer might indicate that a similar liquid was 
floating on the water table. Additional field work was proposed and conducted in the 
area west of the Fire Pond near Piezometer P-37 to determine the extent of soil and 
aquifer contamination in the area. Investigative procedures included the following: 

Nine auger probes 
One soil boring to collect a sample of waste material revealed in P-37 
Analysis of one sample for TCL/T AL parameters 
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The investigation was conducted by first making single, 10-foot deep auger probes 100 
feet north, 100 feet west, and 100 feet south of P-38. When no waste was found floating 
on the water table at those locations, the distances were halved, and auger probes were 
made 50 feet in each of the three directions from P-38. These borings again showed no 
accumulation of floating waste, so the distance was halved again to 20 feet. The auger 
probe locations (AP-45 through AP-53) are shown on Figure 2-1. 

No accumulation of floating waste was found at any of the nine auger probes (AP-45 
through AP-53). However, the soil overlying the water table had an oily consistency, so 
a sample was collected of the soil at a depth of 7 feet, just above the water table (SB-20-
7) and submitted for full TCL and TAL parameters. Laboratory results are described 
and evaluated in Section 5.4. 

3.4.5 Off-Site Containment and Kapica Area 
According to facility records and an interview with ACS facility personnel, the Off-Site 
Drum Containment Area was an area used to dispose of drums of waste material. The 
area, located south of the fenced ACS facility was owned by ACS and used for a 
number of years as an open dump for the drums and still bottoms waste. In the early 
1970s, IDEM required ACS to close the area by building a berm around the 300 by 400 
foot accumulation of drums and capping it with clay. 

The north and west berm around the area are clearly visible on the Site topography 
map (Figure 2-2), because of the numerous closely spaced contour lines. No steep 
berms are evident on the south and east boundaries to indicate the extent in those 
directions. Rather, the ground surface slopes gently downward to the south and east. 

The Kapica Drum Recycling area was used by Mr. Kapica from the 1960s to 1980 and 
then from 1981 to 1987 by Mr. Pazdro to recycle and clean used drums. According to 
the response by ACS to a U.S. EPA 104(e) information request, ACS did not conduct 
business with Mr. Pazdro following his purchase of the enterprise from Mr. Kapica. 
The ground surface is gravelly and has little vegetation. There are numerous pieces of 
metal debris, many drum lids and drum lid clasps scattered across the ground. In 
several locations, "pancakes" of rubbery material are seen. These "pancakes" are 
circular, several feet in diameter and several inches thick. They appear to be the 
organic aggregate knocked out of the bottom of used drums. 

-
-
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The field investigation for the Off-Site Containment area was conducted in two phases. 
The purpose of the first phase was to identify any potential contaminant sources above 
and below ground in the area; the purpose of the second phase was to document the 
horizontal and vertical extent of the contamination, and to identify the concentrations 
of the contaminants present. Investigative procedures included the following: 

3.4.5.1 Phase I lnvesti~ation. The Phase I investigation was initiated by conducting EM 
and magnetometer geophysics surveys across the entire Off-Site Containment and 
Kapica Areas (Figure 1.2) in a 15-foot grid. Geophysical data and contour plots are 
included in Appendix C. 

Twenty major anomaly areas were identified from the geophysical results. Five 
anomalies were identified in the Kapica vicinity and 15 across the remaining Off-Site 
Area to the north. Each of the anomalies was investigated by auger probe. Auger 
probes AP-1 through AP5 were performed in the Kapica area, and AP-6 through AP-20 
were performed on the Off-Site Area. The methodology is summarized in Section 2.3.3 
and the field observations of each is compiled in Appendix G. 

The Work Plan states that nine soil boring locations would be selected across the Off
Site Containment and Kapica Areas and allocated full parameter TCL and TAL 
samples from two discrete depths at each. On the basis of the geophysical surveys and 
auger probe findings, six soil boring locations were selected on the Off-Site 
Containment Area and three locations were selected in the Kapica Area. Rationale for 
the selected locations are as follows. Analytical results are presented in Appendices Q-
6 and R-6. 

Kapica Area Soil Borin~s: 
SB01 was drilled and sampled between auger probes AP-1 and AP-2 to 

investigate the nature of the elevated HNu readings in the stained soils 
near the northwest comer of the Kapica building. Samples SB01-3' and 
SB01-9' were submitted for analysis. 

SB02 was drilled and sampled near auger probe AP-5 to identify the source of 
elevated HNu readings and the nature of underlying soil near several drum 
lids found at the surface. Samples SB02-7' (5.5' for VOCs) and SB02-8.5' 
were submitted for analysis. 
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SB03A was drilled near auger probe location AP-3 to identify the causes of the 
elevated HNu readings and stained underlying soils. Drilling was 
unsuccessful because of obstructions encountered directly below the 
ground surface. No samples from SB03A were submitted for analysis. 
Test pit TP-1 was made at this location and SB03 boring number was used 
for a boring at the Off-Site containment Area. 

Off-Site Containment Area Soil Borin~s: 
SB03 was drilled and sampled between auger probes AP-17 and AP-18 to 

investigate the nature of elevated HNu readings and the character of the 
buried fill. Sample SB03-12', SB03-17', and SB03-20' were submitted for 
analysis. 

SB04 was drilled and sampled in a central location between auger probes AP-13 
and AP-14. While drilling and sampling SB04, a dark viscous liquid was 
encountered approximately 5 feet below the ground surface. The liquid 
accumulated inside the hollow stem augers and coated the split-spoon 
sampler. Field sampling procedures were modified in order to collect a 
sample of the liquid waste. The soil boring was terminated at the 5 foot 
depth to avoid transporting the waste deeper with the auger. A sample of 
the liquid was submitted for the sample, SB04-5'. 

SB04A was drilled and sampled about 10 feet south of SB04 to obtain a deeper 
sample. Sample SB04A-19' was collected and submitted for analysis. 

SB05 was drilled and sampled between auger probes AP-12 and AP-15 to 
investigate the nature of the dark oily wastes encountered in the nearby 
probe locations. Similar waste material and undersoils were encountered 
and sampled at' this location. Samples SB05-14' and SB05-17' were 
submitted for analysis. 

SB06 was drilled and sampled near auger probe AP-6 to investigate the waste 
characteristics at that location. Samples SB06-11.5' and SB06-15' were 
collected and submitted for analysis. 

SB07 was drilled and sampled near auger probe location AP-19 to investigate 
the waste material encountered at the location. Samples SB07-14' and 
SB07-19 were submitted for analysis. 

3.4.5.2 Phase II Investi~ation. The evaluation of the Phase I data indicated that there 
are: 1) high levels of VOCs throughout much of the Off-Site Containment Area, and 2) 
relatively high levels of P AHs and PCBs at several locations in the eastern portion of 
the Off-Site Containment Area, and PCB contamination in the surficial soils at the 

-
-
-
-
-
-
-
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Kapica area. In addition, several surface ponds or lagoons were identified in aerial 
photographs from 1970 and 1973 between Kapica and the Off-Site Containment Area, 
and evaluation of the activities in the Kapica area suggested that there might be a 
potential for VOC accumulation in the water table zone. 

It was agreed among the U.S. EPA, the PRP technical subcommittee, and Warzyn that 
the Phase II sampling designated in the approved Work Plan would be insufficient to 
adequately characterize the vertical and horizontal extent of contaminants. The Work 
Plan designated 20 sampling locations for Phase II. Phase I results showed that there 
were a broad range of contaminants at numerous locations at the Site. To better 
evaluate the remedial alternatives in the FS, it was evident that it would be necessary to 
further define understanding of the horizontal and vertical distribution of the various 
contaminants. Thus, the Phase II RI was supplemented with the Supplemental 
Technical Investigation {STI). 

OfT-Site Containment Area. Phase n sampling in the Off-Site Containment area was 
conducted to develop the data to differentiate the areas with only VOC contamination 
from the areas with VOCs mixed with PCBs. Three sub-areas were identified in the 
Off-Site Area. 

Eight soil borings were made in the eastern part of the Off-Site Containment area to 
collect samples at three discrete depths for the analysis of VOCs and PCBs. The 
sampling locations, shown on Figure 2-2, include the following: 

SB24 SB24R 
SB25 SB25R 
SB26 SB26R 
SB27 SB27RR 
SB28 
SB29 
SB36 
SB37 

Initially, each boring was drilled to a depth of 21 feet and discrete samples were 
collected at the 12-foot and 21-foot depths. Later, the borings designated with the "R" 
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suffix were re-drilled to the bottom of the upper aquifer (a depth between 24 and 29 
feet) to collect a sample to evaluate potential accumulation of dense non-aqueous 
phase liquids (DNAPL) waste. All samples were submitted to the laboratory for the 
analysis VOCs and PCBs. 

Soil borings SB36 and SB37 were conducted to complete sampling in the east central 
portion of the Off-Site Containment Area. Samples were collected from each boring at 
three depths, 10 feet, 17 feet and 23.5 feet and submitted for analysis of VOCs and 
PCBs. 

The northwest portion of the Off-Site Containment area was further investigated by 
performing soil borings SB38 and SB39. These soil borings were sampled at three 
depths and each sample was submitted for analysis of VOCs and PCBs. The sample 
depths were as follows: 

8-10 feet 
17-20 feet 
23-25 feet 

approximate level of buried waste 
native soil underlying buried waste 
bottom of the upper aquifer 

The Phase I samples indicated that the waste buried in the Off-Site Containment Area 
was both widespread and consisted of VOCs, P AHs, and PCBs. It was apparent that 
further sampling should be conducted to the southwest to determine whether or not the 
area also contained buried waste. Therefore, soil borings were made and sampled in 
two new areas. 

Soil borings SB28 and SB29 were drilled in the southern portion of the Off-Site 
Containment Area (Figure 2-2). The samples were collected from a depth of 8 feet to 
represent the water table zone and analyzed for full TCL and TAL parameters. 

Twelve auger probes (AP-63 to AP-71) were drilled to a depth of 13.5 feet in the area 
southwest of the Off-Site Containment Area (locations shown on Figure 2-2). The 
observations are summarized in Appendix G. In general, many of the auger probes and 
soil borings contained evidence of municipal refuse buried in these areas at depths of 
from 3 to 10 feet, making it difficult to distinguish the boundary between the ACS waste 
and the Griffith Municipal Landfill. Three soil boring locations, SB-40, SB-41, and SB-

-

-

-
-

-
-
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42, were selected to represent the subsurface conditions in this area. These soil borings 
were drilled in several locations before representative samples for soil analysis were 
obtained. The subsurface conditions at these three boring locations indicate that 
municipal waste may have been placed over buried ACS waste or directly adjacent to it. 
All samples were analyzed for full TCL and TAL parameters. 

SB40 was advanced to a depth of 10 feet to collect a sample representative of the 
water table condition. 

SB41 and 
SB42 were both advanced to the bottom of the upper aquifer. At each location, 

one sample was collected at a depth of 5.5 feet to represent conditions at 
the water table and a second sample was collected at 23.5 feet to represent 
the conditions at the base of the upper aquifer. 

During the Phase II sampling an area, was observed where a dark oily substance was 
observed on the ground surface. The area is identified as waste sample WS01 (Figure 
2.2). The waste appeared to be leaking from underground, so a series of six auger 
probes (AP-72 through AP-77) and three split-spoon samples were performed to 
document the vertical and horizontal extent. The probes and split-spoon samples 
indicate that oily waste is contained in an area 35 feet by 25 feet horizontally to a depth 
of 7 feet. A sample (WS01) was collected of the oily substance and submitted for full 
TCL/T AL analysis. 

Kapica Drum Recycling Area. Phase II of the investigation in the Kapica vicinity was 
conducted for two purposes: 1) to document the vertical and horizontal extent of PCB 
contamination in the surficial soils and 2) to determine if there is significant VOC 
contamination in the water table zone. The investigation of surficial PCB 
contamination is discussed above in section 3.3.2. 

To evaluate the potential for VOC contamination at the water table, 10 auger probes 
were performed (AP-54 through AP-57 and AP-78 through AP83) to provide a field 
screening of potential VOC contamination. On the basis of the auger probe 
observations, five soil borings were made to collect samples from the water table zone 

for VOC analysis. Samples were collected from the water table vicinity at the following 
soil boring locations and submitted to the laboratory for analysis of VOCs. 
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The soil boring logs are included in Appendix D. Analytical results are discussed in 
Section 5.4. 

3.5 GROUNPWA TER INVESTIGATION 
The groundwater investigation was conducted to answer five questions: 1) what is the 
extent and character of upper aquifer contamination, 2) is the clay confining layer 
continuous beneath the site and bow effective is it in protecting the lower aquifer from 
contamination, 3) to what extent is the lower aquifer affected, 4) what is the direction 
and rate of groundwater flow in the aquifers beneath the Site, and 5) are private wells 
downgradient from the Site affected. 

Numerous monitoring devices have been installed at the Site during the investigation. 
Piezometers were installed in an approximate 200-foot grid across the site at the 
beginning of the Phase I investigation. Monitoring wells were installed in the upper 
aquifer in Phases I, II, and III, and in the lower aquifer in Phases IT and III. Staff gages 
were installed in Phase I and maintained or replaced as necessary in subsequent phases. 

Physical and chemical data were collected during the investigation. Physical data 
included: grain-size analysis of upper aquifer, confining layer and lower aquifer 
materials; water levels measured on at least four occasions at the piezometers, 
monitoring wells, and staff gages. Chemical data included: two rounds of samples 
collected from each monitoring well and analyzed for TCL organic and TAL inorganic, 
five samples of the aquifer matrix collected from within the contaminant plume in the 
upper aquifer, field screening to aid in selecting the optimal locations for Phase II 
upper aquifer wells, and sampling private wells adjacent to the Site. 

The following subsections describe the procedures and sampling which were conducted 
to answer the questions. The actual data collected is presented and evaluated in 
Sections 5 through 7. 

-
-
-
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Six monitoring wells (MW-1 through MW-6) were constructed during Phase I of the 
investigation (Figure 2-3). The locations were selected to surround the zones of 
potential contaminant sources. 

The results of Phase I sampling indicated that groundwater contamination did extend in 
several directions from the site. A field screening procedure was used to aid in 
determining the extent of VOC contamination in the upper aquifer so that the Phase II 
wells could be placed near the outer edge of the contaminant plume, thereby 
documenting the horizontal extent within the upper aquifer. 

The field screening, conducted by Tracer Research, consisted of collecting groundwater 

samples directly from the aquifer at several discrete depths and immediately analyzing 
them in the field by gas chromatography (GC). The GC was calibrated in the field for 
the analysis of benzene and total petroleum hydrocarbons. The detection limit for the 
compounds analyzed was approximately 0.1 ug/L, depending upon the conditions of 
measurement, i.e., sample size. The results provided an indication of the outer extent 
of upper aquifer contamination, and also showed that the highest concentrations levels 
were approximately 5 feet below the water table. 

The following additional upper aquifer monitoring wells were constructed in Phase II: 

Well Location 
MW-11 Northeast of ACS Inc. 

MW-12 West of MW-5 ACS Inc. 

MW-13 Northwest of ACS Inc. 

MW-14 West of ACS Inc. 

MW-15 South of Landfill 

Comment 
Up gradient location 

At eastern edge of VOC plume identified by 
field screening. 

At northwestern edge of VOC plume identified 
by field screening. 

Downgradient of the ACS facility, but at edge 
of plume as indicated by field screening. 

Field screening indicated "clean" along southern 
edge of landfill Field screening identified trace 
level of benzene at this location. 
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Located down gradient of both ACS Inc. and 
the Off-Site Containment 
At eastern edge of VOC plume identified by 
field screening. 

Round 1 sampling results from MW-17 showed 
higher-than-trace 1evels of VOC contamination. 
MW-18 was constructed to better represent the 
outer extent of the upper aquifer plume. 

Based on the Phase II sampling results (See Table 5-2) additional upper aquifer wells 
were added during Phase III to define the extent of contamination in the southeastern 

corner of the site: 

Location 

MW-19 South of MW-17 

MW-20 South of MW-17 

Comment 

Downgradient of MW-17 and MW-18, to 
confirm southeastern edge of plume 

Confirmation of southeastern edge of plume 

3.5.2 Characterization of the Clay Confining Layer 
The borings for all Phase I and II upper aquifer monitoring wells and three of the 
leachate headwells were extended until the clay confining layer was encountered. 
These depths were translated into elevations with the survey data and used to document 
that the approximate elevation of the top-of-clay was 620 feet msl. 

In Phase II, 4 monitoring wells were screened in the lower aquifer (MW-7 through 
MW-10). During Phase III, 4 additional monitoring wells were screened in the lower 
aquifer (MW-21 through MW-24). During drilling, top and bottom of the clay layer was 
documented at these locations to document the thickness of the clay layer. There was 
difficulty in documenting the total thickness of clay at the initial location for monitoring 
well MW-10, because of poor sample recovery in the zone between elevation 610 and 
620 feet msl. After several attempts to place the well, it was finally located near the 
northern boundary of the Site, northwest of the ACS Inc. facility. 

The first MW-10 location is marked MW-10C on Figure 2-3. Three additional soil 
borings were made in the area northwest of ACS Inc. to confirm the top of clay 
elevation and the total thickness of the clay confining layer. Results are discussed in 
Section 4.5.4.1. 

-
-
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Each lower aquifer monitoring well location is presented below: 

Well Location 

MW-7 East of On-Site Area 

MW-8 North of On-Site Area 

MW-9 West of On-Site Area 

MW-10 Northwest of On-Site Area 

MW-21 West of MW-9 

MW-22 Southeast of Site 

MW-23 Downgradient of MW-9 

MW-24 Northwest of Site 

3.5.3 Lower Aquifer Impacts 

Rationale for Location 

Determination of gradient in lower 
aquifer. 

Determination of gradient in lower 
aquifer. 

Determination of gradient in lower 
aquifer. 

Downgradient location. 

Determination of plume extent 

Upgradient location. 

Determination of plume extent in vicinity 
ofMW-9 

Determination of plume extent 

In Phase II, four monitoring wells were screened in the lower aquifer to document 
groundwater flow direction and quality. Phase II sampling of MW-9 showed an impact 
to the lower aquifer, so four additional wells were added in Phase III to define the 
extent of the impact (see above). The exact boundaries of the plume were not 
determined, because wells were not drilled through areas of high upper aquifer 
contamination. However, results of the sampling of the lower aquifer wells indicate 
that contamination does not extend off-Site. 

Because it could not be guaranteed that the lower aquifer wells were being constructed 
in "clean" upper aquifer areas, double casing drilling techniques were used to limit the 
potential for cross contamination from the upper aquifer. The procedure is described 
in Section 2.2.2. 

3.5.4 Groundwater Flow System 
The upper aquifer groundwater flow directions were documented by plotting water 
table maps for each of the rounds of water levels which were collected at the 41 
piezometers, 12 monitoring wells, 4 leachate wells, and 10 staff gages. Bail tests were 
conducted at each monitoring well to provide an estimate of the hydraulic conductivity 
of the aquifer in the screened zone. The water tables maps and hydraulic properties 
were used to calculate potential groundwater flow rates and directions in the upper 
aquifer. 
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Water levels measured in the lower aquifer on three separate dates showed a consistent 
gradient to the north, indicating that groundwater flow is from north to south beneath 
the site. Baildown tests were also performed on each of the lower aquifer wells, to 
derive estimates of the hydraulic properties of the lower aquifer. 

3.5.5 Private Well Samplin~ · 
During the planning stage of the project, U.S. EPA conducted a survey of the private 
wells within 1.5 miles of the ACS Site and developed a map showing the locations (see 
Figure 1-4 in the Work Plan). Phase II data indicated that groundwater flow in the 
lower aquifer was to the north. To identify all potential private wells downgradient of 
the Site, door-to-door canvas was conducted at all the buildings along Main Street in 
Griffith, (North of the Site) and at all buildings between Main Street and the Site. 

On the basis of this information, water samples were collected from ten private wells 
adjacent to the Site. The locations included two wells north {directly downgradient) of 
the Site, one well south {up gradient) of the site, the six wells closest to the site, along 
Reder Road, east of the Off-Site Area and along Arbogast Avenue, east of the Griffith 
Landfill, and one well west of the landfill. 

2SlRI Scction3PN/JAW 
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SECTION 4.0 
PHYSICAL CHARACTERISTICS OF SITE 

4.1 REGIONAL CLIMATE 
The Site is located in an area characterized by a humid continental climate, where 
rainfall exceeds evapotranspiration. Weather patterns are controlled by the 
midcontinental location of the site area, and by proximity to Lake Michigan. 
Average annual precipitation in the site area is 37 inches per year; snowfall 
averages 30 to 40 inches per year. The average annual temperature is 50 OF, with 
the average maximum being 85 OF (July), and the average minimum temperature 
being 150F (January) (Hartke et al., 1975). 

During the course of the Remedial Investigation, precipitation records were 
obtained for Griffith, Indiana. Precipitation is summarized in Table 4-1, and raw 
data is presented in Appendix M. 

4.2 SURFACE FEATURES AND TOPOGRAPHY 
The ACS Site is located in northwestern Indiana in Section 2, Township 35 North, 
Range 9 West in Griffith, Lake County, Indiana (Figure 1-1). This area lies 
within the Calumet Lacustrine Plain, a subdivision of the Northern Moraine and 
Lake Region (Hartke, et al., 1975). 

The Calumet Lacustrine Plain is located within the lake bed of glacial Lake 
Chicago. The landscape is generally low-lying, and predominantly the result of 
continental glacial processes, and lacustrine processes associated with the 
formation of glacial Lake Chicago and present-day Lake Michigan. Dominant 
features of the landscape include three relict shorelines representing successively 
lower stages of glacial Lake Chicago, the high dunes of the present shoreline of 
Lake Michigan and abundant low-lying marsh and wetland areas. 

The Calumet Lacustrine Plain is characterized by generally low relief, due to its 
location within the lake bed of glacial Lake Chicago. In the immediate vicinity of 
the Site, surface elevations range from about 650 to 630 ft, MSL. The higher 
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elevations represent relict sand dunes located east of the Site, while the lower 
elevations are associated with wetland areas to the west and south of the Site. 

Wetland areas have been defined in the immediate vicinity of the site. These 
wetlands are described in detail in the report "Wetlands Delineation at American 
Chemical Services Hazardous Waste Site, Griffith, Indiana, IAG-DW14934313-0, 
U.S. Fish and Wildlife Service, August 13, 1990". This report is contained in 
Appendix N. 

Surface features which have a great affect on the Site conditions include the ACS 
fire pond and the de-watering excavation at the Griffith Municipal Landfill. 
These features are major factors in the surface water drainage and groundwater 
infiltration of the Site; their effects are examined in Section 4.4.2. 

4.3 SITE GEOLOGY 
4.3.1 Re~ional Settin~ 
4.3.1.1 Re~onal Glacial Geoloey 
A variety of unconsolidated materials are found within the limits of the Calumet 
Lacustrine Plain. These materials include fine lake silts and clays, paludal muck 
and peat, beach and dune sands, sand and gravel outwash, and glacial tills. These 
materials represent a complex depositional history, including fluctuating lake 
levels and associated beach and dune formation and the accumulation of sand 
and gravel outwash deposits (Hartke, et al., 1975). 

The glacial deposits in the immediate site vicinity are approximately 130 feet 
thick. These deposits have been subdivided into four units: an upper sand and 
gravel unit, an intermediate clay unit, a lower sand and gravel unit, and a lower 
clay till unit which directly overlies bedrock. Three hydrostratigraphic units have 
been identified in the glacial deposits in the site vicinity. These units include, in 
descending order, an uppermost aquifer (Calumet Aquifer), a clay confining layer 
and a lower aquifer (Valparaiso Aquifer). Previous investigations have indicated 
that the clay confining layer may not be continuous south of the ACS Site (Hartke 
et al., 1975, Figure 15). However, the degree of interconnection between the 

-
-
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Calumet Aquifer and the Valparaiso Aquifer near the ACS Site, if any, was not 
determined in previous investigations. An idealized cross-section of the glacial 
deposits in Lake County, taken from Hartke et al., 1975, is presented in Figure 4-
1. These units are discussed in greater detail under Section 4.3.2, Site Glacial 
Geology. 

4.3.1.2 Re~onal Bedrock Geolo&Y 
The bedrock geology in the Site area consists of more than 4,000 feet of Paleozoic 
shales, sandstones and carbonates, overlying Precambrian granitic basement. The 
youngest bedrock unit present in the Site area is Antrim Shale of Devonian age 
(approximately 260 million years old). The Devonian Detroit River and Traverse 
Formations, composed of limestone with some karst, underlie the town of Griffith 
(CDM, 3/26/85). 

The bedrock units in the Site area are gently folded to form part of the Kankakee 
Arch, a saddlelike structure that forms a high between the Michigan Basin on the 
northeast and the Illinois Basin on the southwest. Regional dip is generally to the 
southeast, at a rate of five to seven feet per mile. 

The bedrock surface is largely a preglacial erosional feature, and is not reflected 
by the surface topography. Bedrock surface elevations in the site area range from 
about 450 feet, Mean Sea Level (MSL) near Lake Michigan to about 650 feet, 
MSL in southern Lake and Porter counties. The higher bedrock elevations south 
of the site represent a northeast-southwest trending bedrock ridge of Devonian 
limestone and shale (Hartke, et al., 1975). 

4.3.2 Site Glacial Geology 
Three geologic units have been identified within the glacial deposits at the ACS 
Site. These units are: an upper sand and gravel unit, an intermediate silty clay 
unit, and a lower sand and gravel unit. The stratigraphic relationships among 
these units are illustrated in Figures 4-3 through 4-6, which are cross-sections of 
the ACS Site (Figure 4-2 is the cross-section location map). 
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The geologic characteristics and relationships among these units have been 

defined based on the installation of 73 soil borings, 18 monitoring wells, and 83 

auger probes. In addition, geotechnical testing of selected samples was performed 

to analyze grain size, porosity, and Atterberg limits. 

Each geologic unit is discussed in detail in the following sections. 

4.3.2.1 Upper Sand and Gravel Unit (Upper Aqyifer) 

The Upper Sand and Gravel Unit at the site generally consists of a brown to dark 

gray, fme to coarse sand with trace to little fme to coarse gravel, trace clay, and 

trace silt. It is generally classified as SP or SM under the Unified Soil 

Classification System. This unit often becomes siltier and finer grained near its 

contact with the underlying clay unit. In the site monitoring wells, the Upper 

Sand and Gravel Unit ranged in thickness from about 13 to 32 feet, with an 

average thickness of about 17 feet. 

Geotechnical tests performed on samples of the Upper Sand and Gravel included 
grain size analysis, porosity, and total organic carbon. The results of these tests 

are summarized in Table 2-2. 

4.3.2.2 Silty Clay Unit (Clay Confinin~ Layer) 

The clay layer found underlying the Upper Sand and Gravel Unit at the Site has 

been classified as a gray silty to lean clay with trace to some fine to medium sand 

and trace fine to coarse gravel. Some fractures were noted in this unit. Under 

the Unified Soil Classification System (USCS) the unit has been classified as a CL 

to CL-ML. 

Laboratory tests on the silty clay layer included grain size analysis, porosity, 

Atterberg Limits, total organic carbon, and laboratory permeability. The results 

of these tests are summarized in Table 2-2. 

The silty clay layer was encountered at elevations ranging from 614.4 to 625.4 ft, 

MSL. The lowest top of clay elevations were generally encountered in the 

-
-

-
-
-



Remedial In~igation Report 
ACS NPL Site, Griffith, Indiana 
Revision: FINAL DRAFT 

SECI10N4 
PageS 

June 14, 1991 

vicinity of the Griffith Landfill excavation. Generally, the top of clay was at an 

elevation of approximately 620 ft, MSL Figure 4-7 provides a contour map of the 

top of the silty clay unit. Locations where the top of clay was measured to create 
this map are illustrated in Figure 4-8. Table 4-2 summarizes information 

regarding the top of clay elevations. 

The silty clay layer was found to range in thickness from an estimated minimum 

of 2.5 feet at boring CB-1 to a maximum thickness of 18.1 feet at monitoring well 

MW-7. An isopach map of clay thickness is provided in Figure 4-9. This figure 
illustrates that the clay is thinnest in the northwestern portion of the site. There is 

no indication from the RI's subsurface investigations that the confining clay layer 

pinches out to the south near the ACS Site, as is suggested by Figure 4-1. Locally, 

the clay layer is thickest to the south and is continuous throughout the 

investigation area. 

4.3.2.3 Lower Sand and Gravel Unit (Lower Aquifer) 

The Lower Sand and Gravel Unit at the Site consists of a brown to dark gray fine 

to coarse sand with trace to some gravel and trace silt and pebbles. Under USCS 

classification, the soils from this unit are considered SP-SM. Silty layers and silty 

clay layers are common within the upper portion of this unit, based on borings 

performed for the lower aquifer wells at the site. 

Laboratory tests performed on samples from the lower aquifer include grain size 
analysis, porosity, and total organic carbon. The results of these tests are 
summarized in Table 2-2. 

The full thickness of this unit was not penetrated in any of the borings performed 

for the RI. However, the driller's log for an on-site water supply well indicates 

that this unit extends to bedrock at the Site (driller's log #33 in Appendix L). 

4.3.3 Site Bedrock Geolo~ 

Bedrock was not encountered in any of the borings performed for the Remedial 

Investigation. However, limestone bedrock was encountered at a depth of 131 
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feet in one of the on-site water supply wells. Bedrock elevations are anticipated 
to be in the range of 500 to 550 ft, MSL in the immediate site vicinity (Torrenga 
Engineering, Inc., 11/88). Published information suggests that the uppermost 
bedrock units beneath the town of Griffith are the Devonian Detroit River and 
Traverse Formations. These are both carbonate formations which exhibit some 
karst development (CDM, 3/26/85). 

4.4 SURFACE WATER HYDROLOGY 
Figure 4-10 is a copy of the 1975 map which shows the continental divide for the 
Northwestern Indiana area. It suggests that the ACS Site is located on 
continental divide which separates run-off which flows into Lake Michigan to the 
north from run-off flowing into tributaries of the Mississippi River. However, 
both regional information and data collected at the site indicated that the ACS 
Site lies entirely within the southern drainage basin. 

4.4.1 Regional Hydrologic Setting 
The U.S. Geological Survey topographic map of the region (Figure 4-11) indicates 
that the local surface drainage is from the north to the southwest. The elevation 
of the ground surface is greater than 635 feet north of the site, and slopes 
generally down to 630 feet west and south of the site. The natural drainage 
appears to have been internal, into a wetland located a mile south of the site. 
Turkey Creek, which flows west to east approximately one mile south of the site, 
is adjacent to the southern border of the wetland and may provide some drainage 
of the wetland. 

The wetland south of the site is bounded on the west by 630 foot contour lines 
and on the east by a 635 foot contour line. Turkey Creek flows within the 625 
foot contour. A drainage ditch was cut in the wetland area west of the ACS 
facility and is indicated by the 631 foot contour line on Figure 4-12. It is likely 
that the ditch discharges to the dewatering area at the Griffith Landfill. 

There appears to be no direct surface water connection between the Site and 
local streams or lakes. However groundwater does discharge to the wetlands 
south of the site, and those wetlands are drained by Turkey Creek one half to a 
mile further to the south. 

-
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Data collected for this investigation also indicates that surface water runoff is 
toward the west and south. Ten staff gages were placed across the site. Staff gage 

SG-10, located northeast of the site consistently exhibits water elevations at about 
635 ft rnsl. Staff gages SG-5 and SG-6, in the drainage ditch west of the site, 
consistently have water levels of 630 to 632 ft rnsl. The staff gage southeast of the 
site, SG-8 showed water elevations of 632 to 633, when there was standing water 

to be measured. 

An area of apparent surface erosion extends to the north, away from the north 
ACS fence and toward the woods between the fence and the railroad. Water 
from this ditch may infiltrate into the ground in this woods. This possible surface 

water flow path is only active during precipitation events. Surface water flows 

past the site from north to south. To the north of ACS, surface water enters 
through a culvert under the railroad tracks. The culvert connects to a drainage 

ditch north of the railroad. Surface water entering through the culvert flows in 

the drainage ditch along the tracks (See Figure 4-12) following the 631 foot 
contour line. This ditch flows west along the northern site boundary and into the 

drainage ditch cut north to south through the marsh (Figure 4-12). In the current 
site configuration, there is no surface water runoff from the site as a whole. All 

surface water runoff is captured within the site boundaries in the form of internal 
drainage or infiltration. 

Aerial photographs indicate that prior to landfill expansion to its current location 

in the early 1980s, the ditch continued on a line beneath the second and third set 

of tracks, to discharge to the wetland south of the presently active area. Water 
level measurements from this investigation indicate that the ditch is now 

dewatered both north and south of the active landfill area, by the landfill de
watering. Therefore, the ditch does not provide a surface water run-off route 
now, and it apparently has not since prior to 1980. The 631 ft contour line has 

been highlighted in Figure 4-12, west and northwest of the ACS facility, to 
indicate the location of the internal drainage pathway. 
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Surface water run-off from the ACS facility is captured in the storm drainage 
system within the facility, and is routed to one of three infiltration basins. The 
major basin is the Fire Pond; another is located at the old incinerator area; and 
the third is located along the western fence line, west of the Fire Pond (Figure 4-
12). 

Another ditch was cut from just west of the Off-Site Containment area, in a 
northwesterly direction. At one time it apparently drained the marshy area west 
of the Off-Site Containment area and north of the Landfill. The channel is 
presently partially filled in, but it is apparent from investigation data that it acts as 
a surface water flow path, maintaining adjacent groundwater levels at 632 feet or 
lower. The 632 ft contour line is highlighted on Figure 4-12 and it indicates that it 
provides internal drainage toward the de-watered landfill excavation. 

4.5 HYDROGEOLOGY 
4.5.1 Regional Setting 
4.5.1.1 Glacial Hydrostratigraphic Units. 
Three hydrostratigraphic units have been identified in the glacial deposits in the 
site vicinity. These units include, in descending order, an uppermost aquifer 
(Calumet Aquifer), a clay confining layer and a lower aquifer (Valparaiso 
Aquifer). The potentiometric surface within the unconsolidated deposits in the 
site area is illustrated in Figure 4-10. 

The uppermost aquifer in the Site area is the Calumet Aquifer. Based on 
regional information (Hartke, et al., 1975), this aquifer is composed of sand and 
gravel, ranges in thickness from 5 to 75 feet and exhibits an average thickness of 
about 20 feet. Based on well logs examined for the immediate vicinity of ACS, 
the aquifer ranges in thickness from 0 to about 37 feet. The aquifer is the surficial 
geologic unit exposed in many areas, and the water table is encountered within 
this unit. The water table may be present at the surface, or be encountered at 
depths of up to 90 feet in areas of high sand dunes. The aquifer is recharged 
directly from precipitation, and the water table fluctuates in direct response to 

-
-

-
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precipitation patterns. Since it is a shallow and generally unconfined aquifer, it is 
not extensively used for water supply purposes. Some residents more than 1/2 
mile north of the Site have used the upper aquifer for drinking water purposes 
within the last three years. However, no wells were found in the immediate 
vicinity of the Site which were screened in the upper aquifer. Discharge from the 
aquifer is to Lake Michigan or to streams or drainageways which intersect the 
aquifer. 

Beneath the Calumet Aquifer is a clay till. Water supply well logs for the site 
vicinity indicate that the thickness of the till is variable. Based on regional 
information, the clay till is absent in some areas, and ranges in thickness to about 
50 feet in others. However, all borings made at or near the site show the clay till 
to be continuous. The till is regarded as an aquitard, separating the shallow 
Calumet Aquifer from the underlying Valparaiso Aquifer. The existing geologic 
literature is not clear as to whether the clay is a glacial till or a lacustrine deposit. 

The lower aquifer in the Site area is the Valparaiso Aquifer. The Valparaiso 
Aquifer is composed of sand and gravel, and ranges from about 10 to about 90 
feet in thickness, based on regional information (Hartke et al., 1975). Water well 
logs indicate that the lower aquifer can be in excess of 50 feet thick in the Site 
vicinity. Regional flow in the lower aquifer is to the north beneath the Site. 

The majority of the private wells in the immediate site vicinity which are used for 
drinking water purposes are located to the east and northeast of the site. These 
wells draw water from the lower aquifer. There are numerous wells in the upper 
aquifer more than 1/2 mile north of the Site, but these wells are not generally 
used as drinking water supplies. Within the past three years, some residents have 
used these upper aquifer wells for drinking water purposes. The locations of 
private wells identified near the Site, and the flow directions within the lower 
aquifer as shown in Site wells, are illustrated in Figure 4-13. Available well logs 
are presented in Appendix L. Table 2-5 summarizes information obtained 
regarding wells identified near the site. 
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The Valparaiso Aquifer is recharged predominantly by leakage through the 
overlying till. The Valparaiso Aquifer is hydraulically connected to the Kankakee 
Outwash Aquifer to the south of the Site area, and may act as a recharge source 
for it (Hartke et al., 1975). 

4.5.1.2 Bedrock Aquifers. 
Limestones, dolomites, and shales of Silurian and Devonian age compose the 
shallow bedrock aquifer in the site .area. This aquifer exists under confined 
conditions, and its potentiometric surface has the same approximate elevation of 
that of the unconsolidated aquifers (Hartke et al., 1975). Water is obtained from 
zones of enhanced permeability along joints, fractures, and solution cavities 
within the rock units. Depths at which the shallow bedrock aquifer is 
encountered range from about 15 feet in the area of the Kankakee Outwash Plain 
in the southern portions of Lake and Porter County, to about 270 feet along the 
Valparaiso Moraine (Hartke, et al., 1975). Private well logs indicate that the 
shallow bedrock aquifer is encountered at a depth of about 130 feet at the Site. 

Maximum well yields of approximately 200 gallons per minute have been 
obtained from the shallow dolomite and limestone. A maximum production of 
about 20 gpm can be obtained from the shale units. Greatest well yields are 
obtained in the shallower portions of the aquifer, where solution activity has 
caused the greatest enhancement of permeability. The shallow bedrock aquifer is 
used most frequently as a water supply in the western portions of Lake County, 
where the Silurian carbonates are the uppermost bedrock units. 

Cambro-Ordovician sandstones, encountered at depths in excess of 1,400 feet, 
form a potential deep aquifer in the Site area. The sandstone units of interest 
include, in ascending order, the upper portion of the Mount Simon Sandstone and 
the lower Eau Claire formation, the Galesville Sandstone, and the St. Peter 
Sandstone. These formations have not been developed as water supplies in the 
Site area, but have the potential for development (Hartke, et al., 1975). 

-

-
-
-
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Prior investigations indicated that the upper aquifer contains buried waste so 
determining the characteristics of the upper aquifer was a major purpose of this 
investigation. The upper aquifer investigation for the RI consisted of: installing 
piezometers, leachate headwells, and staff gages; collecting samples from the 
monitoring and leachate wells; measuring water levels five times between August 
17, 1989 and September 14, 1990; and conducting aquifer tests at all of the 
monitoring wells. 

4.5.2. 1 Physical Testing and Documentation. Boring logs were kept in the field 
by the supervising geologist at all soil boring and monitoring well locations. The 
log for each borehole is contained in Appendix D and locations are identified on 
Figures 2-1, 2-2 and 2-3. 

During Phase I, a soil sample was collected from below the water table at the 
borings for each upper aquifer monitoring well (MW-1 through MW-6) and 
laboratory analyzed for grain size distribution. During Phase II, upper aquifer 
samples were collected at two locations (MW-7 and MW-9) and laboratory 
analyzed for grain size distribution, porosity, and total organic carbon (TOC). 

The upper aquifer samples were more than 80 percent sand, except for the 
sample at MW-5 which was 43 percent gravel. There was very little gravel found 
in the other samples, and only trace amounts of silt and clay. Therefore, it is 
appropriate to classify the upper aquifer as a sand aquifer. The lab reports are 
compiled in Appendix F; Table 2-2 summarizes the laboratory results. 

The permeability of aquifer materials is related to the grain-size distribution of 
granular porous media. A simple, but generally proven empirical relationship 
between grain size and permeability was developed in the last century by Hazen 
(Page 350, Freeze and Cheny, 1979). The Hazen equation relies on the effective 
grain size, d10, and predicts a power-law relation with permeability (K): 

K = A· p2 
10 
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The d 10 value can be taken directly from the grain-size gradation curve as 
determined by sieve analysis, and it is the grain-size diameter at which 10 percent 
by weight of the soil particles are finer and 90 percent are coarser. For K in 
cmfsec, and d10 in millimeters, the coefficient A = 1. 

Appendix F contains the grain-size distribution curves for six vadose zone soil 
samples, eight upper aquifer samples, and two lower aquifer samples. The d10 
values for each sample are compiled on Table 4-3 and used to calculate 
permeability values. The samples from the vadose zone had the largest amount 
of fine-grained material, and therefore would exhibit the lowest permeability 
when saturated. The samples from the saturated portion of the upper aquifer 
appeared to fall into two distinct groups. The samples from the eastern part of 
the site consisted of less fine material than those from the western side. As a 
result, the calculated permeability values were about two times greater for the 
east side sediments than for the west side sediments. The sample from MW-1 (at 
the far south of the landfill) was the exception, with a higher dlQ (and therefore 
higher calculated permeability). 

Where possible, soil borings were extended to reach the surface of the clay, and 
document the elevation of the top of clay. Clay elevation was documented at all 
monitoring well locations, three of the four leachate headwelllocations and at 
several of the waste sampling locations. The field measurements are summarized 
in Table 4-2. Figure 4-7 is a contour map of the elevation of the surface of the 
clay based on the measurements in Table 4-2. The top of clay was found quite 
consistently within a foot or two of 620 ft msl. The notable exception is at 
leachate headwell LW-4, where it was encountered at 614.5 ft msl. 

4.5.2.2 In-situ hydraulic conductivity tests. In-situ hydraulic conductivity 
(permeability) tests were conducted at all monitoring wells constructed for this 
investigation. The test procedures are discussed in Section 2.5.3 and the raw data 
and calculations are compiled in Appendix I. The permeability values from the 
tests are summarized in Table 2-3. 
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The geometric mean is a more appropriate measure of the mean than the 

arithmetic mean since the probability density function for permeability is log

normal. According to Davis, 1969, " .. it appears to be a general rule that the 

statistical distribution of permeabilities within given geologic units are log

normal.". 

Because of the natural log-normal distribution of permeability, it is expected that 

the values of the test will vary by one or more orders of magnitude. However, two 

distinct ranges of permeability are evident when the data is plotted on the base 

map (Figure 4-14). The permeability appears to be significantly greater along the 

eastern part of the site than in the monitoring wells along the western part. 

The permeability calculations by the Hazen equation {Table 4-3) are separated by 

east and west side and these also show a significantly higher permeability 

(approximately 2 times higher) calculated for east side samples than for west side 

samples. Examination of the boring logs also indicates more coarse-grained 

materials were found in the east side upper aquifer. 

Based on the in-situ hydraulic conductivity tests, the average values for the 

permeability in the upper aquifer on the east and west side are as follows: 

East side Mean: K = 1.5 x 10-2 ft/min 
7.6 x 10-3 em/sec 

West side Mean: K = 2.9 x to-3 ft/min 
15 x J0-3 em/sec 

The in-situ (bailtest) results are generally accepted as more representative of 

actual permeability values because they result from tests in the existing wells 

which are screened across more of the aquifer, and test the actual flow of 
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groundwater through the material. The samples analyzed by grain-size 
distribution represent only a small fraction of the monitoring well borehole, and 
the Hazen equation only uses the finest grained samples to derive a value. 
However, the grain-size results are useful in confirming both the order of 
magnitude of the permeability, and the areal change in permeability from east to 
west across the aquifer. 

4.5.2.3 Water Level Measurements. During the investigation, the following 
-

devices were installed at the site to document the water elevations in the upper -
aquifer and surface water bodies on the site: 

41 piezometers 
14 monitoring wells 
4 landfill headwells 

10 staff gages 

The location of each device is plotted on Figure 2-3. Water levels were first 
measured on August 17, 1989 and six more times during the year long 
investigation, with the final measurement on September 13, 1990. The 
measurements and calculated elevations are tabulated in Table 2-5. 

The water elevation measurement recorded in Table 2-5 were used to plot 
hydrographs for the period from August 1989 to September 1990. Several of the 
hydrographs for key locations are compiled on Figure 4-15 and plots of all 
measurements are included in Appendix P. A complete round of water levels was 
not collected on July 18, 1990, but the water levels which were measured in the 
upper aquifer had declined an average of 1.06 inches from the April 6, 1990 
measurement. A synthetic water elevation was calculated for each of the 
unmeasured locations by subtracting 1.06 from the April level and included in the 
hydrographs plots. 

From top to bottom on Figure 4-15, the hydrographs represent SG-7, P-8, MW-5, 
LW-1, SG-5, and SG-2. 

SG-7 is the staff gage located in the fire pond on the ACS facility. It 
consistently exhibited the highest water levels measured at the site. 
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P-8 is a piezometer east of the ACS facility. Water levels measured in it 
were generally higher than piezometers on-Site, indicating the 
regional gradient (beyond the influence of the fire pond) is from east 
to west. 

MW-5 is the monitoring well in the southeast comer of the ACS facility. Its 
level is generally lower than P-8 and SG-7, indicating that it is 
downgradient of both. 

LW-1 is the leachate head well located in the southeast corner of the 
landfill. It is one of the farthest south measurement points and 
indicates that there is a consistent southerly component to the 
horizontal gradient in the upper aquifer. 

SG-5 is a staff gage located in the ditch at the north Site boundary where 
the ditch flows beneath the railroad tracks. The hydrograph indicates 
that the ditch provides a consistent groundwater discharge elevation 
for the upper aquifer 630 to 631 feet msl at this location. 

SG-2 is the staff gage in the new landfill excavation at the Griffith 
Municipal Landfill. The hydrograph indicates that the excavation has 
been de-water from its high level of nearly 627 feet in September 1989 
to a level below 622 feet in August 1990. 

The annual rise and fall of groundwater levels is commonly referred to as the 
annual hydrograph. The hydrograph for SG-7 in the ACS fire pond does not 
follow the normal hydrograph precisely. It does exhibit the expected rise from the 
August 17 to the September 8 measurement dates, but then the water level 
declines until the November 15 measurement date, before returning to the 
normal increasing trend. The November 15 measurement was made during the 
ACS environmental audit. This hydrograph reflects the precipitation pattern of 
1989 (which was an above-average year for precipitation) for Griffith, Indiana. 
This area experienced a very wet May, June, July, August, and September while 
October, November, and December had significantly less precipitation. 

The staff gage in the landfill excavation shows a constant decline from September 
1989 until the measurement in April 1990. Since the levels are always below any 
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other measured surface water or groundwater elevation, this indicates that the 
landfill was actively de-watered during the time span. 

4.5.2.4 Potentiometric Maps. The piezometers, monitoring wells, headwells, and 
staff gages provide data points in an approximate 200-foot grid across the entire 
site (Figure 4-16). The measurements were used in the "Surfer" contouring 
software package (Golden Graphics, 1988) to generate watertable contour maps 
for data set. Plots for each of the water level measurement dates are included in 

Appendix 0. 

The potentiometric patterns indicate that there are two types of groundwater flow 
patterns. One pattern occurs consistently during the wet season, late fall to early 
spring, and is characterized by smoothly curving contour lines. The second 
pattern occurs during the drier season, after periods of precipitation; it is 
characterized by contour lines which are less smoothly curving. Each will be 
discussed in the next section. 

The water table characteristic of the wet season is shown, in Figure 4-17, a plot of 
the data collected on April 6, 1990. The dry season, condition, following a 
precipitation event is shown in Figure 4-18. This latter plot will be discussed in 
the following section. The general groundwater flow pattern is similar in both. 

There are four primary hydraulic controls in the upper aquifer flow pattern which 

are superimposed to create the observed potentiometric surface: 1) the regional 
gradient; 2) discharge to drainage ditches; 3) de-watering activities at the landfill; 
and 4 ), recharge which occurs primarily at the cleared and filled areas. A fifth 

minor control, is a ditch which extends northward from staff gage SG-1 for several 
hundred feet and discharges in to a marshy area with an elevation below 630 feet. 

Regional Gradient in Upper Aquifer. U.S. Geological Survey topographic maps 
indicate that the regional groundwater flow is from northeast to southwest in the 
vicinity of the site. The topographic maps show wetlands on virtually all sides of 

-
-

-
-
-
-
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the site. Those on the north and east are generally circUmscribed by contour lines 
with elevations of 635 ft msl, and those west and south of the site have surface 
elevations below 630 ft msl (Figure 4-11 ). 

Turkey Creek, which flows west to east about a mile south of the site, is contained 
within contour lines indicating an elevation lower than 625 ft msl. Therefore, it is 
reasonable to assume that there is a southerly component to the gradient. 
However, the effects of the recharge and dewatering may mask its effect in the 
available measurement devices on the site. 

Water levels at the staff gage northeast of the site (SG-10) and the monitoring 
wells northeast and east of the site are consistently the highest levels, generally 
with elevations of 634 to 635ft msl. Water elevations were consistently 630 to 631 
ft msl in the ditch which runs along the western boundary of the site (SG-6). 
These elevations are consistent with the surface topography and indicate that the 
regional groundwater flow in the upper aquifer is naturally from northeast to 
southwest with a gradient of approximately 0.002 (4 ft/2000 ft). 

Discharge to Drainage Ditches. Two ditches apparently were cut to enhance 
drainage at the site. One ditch was cut north to south through the marshy area 
about 900 feet west of the ACS facility. Another ditch was cut from the area just 
west of the On-Site Containment Area, apparently to enhance de-watering in the 
northern part of the landfill. 

The western ditch was already apparent in the 1955 aerial photograph. At the 
north end, it was cut back to the east and connected to a ditch flowing under the 
railroad tracks north of the ACS facility. Staff gage, SG-5, was placed at the 
location north of the ACS fence line, where it enters the site. The measured 
water elevation at SG-5 was consistent within a fraction of a foot the level 
measured at SG-6. The second ditch, north of landfill and west of the Off-Site 
Containment Area is clear in the 1970 aerial photographs but subsequently has 
been filled in along parts of its length. 
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Both ditches are below the 632 contour line on the map (in Figure 4-12, the 631 
contour line has been highlighted north in northern half of the site, and the 632 
contour line has been highlighted in the southern half). Except in the vicinity of 
the de-watered landfill area, the lowest groundwater levels at the site are between 
630 and 632 feet. The levels of the ditches are in this range, so it is evident that 
these ditches provide a low resistance flow path for discharging groundwater. 
Each ditch results in a lowering of the water table and a skewing of the 
potentiometric contour lines. The northern ditch lowers the water table 
northwest of the site, skewing the potentiometric lines to indicate a more east to 
west flow than northeast to southwest. Discharge to the ditch is demonstrated by 
the higher surface water elevation in staff gauge SG-11, in comparison to staff 
gauge SG-5. Water levels measured at this staff gauge are higher than those 
measured on-Site. The southern ditch skews the contour lines beneath the Off
Site Containment area, around to a more north to south orientation. 

Landfill Dewatering. De-watering has been continuous at the landfill at least 
since 1986. Both the original U.S. EPA contour map of the site (1986) and the 
base map developed for this investigation by aerial photography in 1989 show the 
active area of the landfill dewatered with a surface elevation in the excavation of 

610ft msl. 

A new fill area was excavated north of the active area in the spring of 1989. It was 
initially dewatered, but then after a heavy rain at the end of May 1989, it was 
allowed to re-fill. Staff gage SG-2 was placed in the new excavation for this 
investigation. The surface water has varied between 621 and 626ft msl during the 
year of investigation. 

It is apparent that the landfill de-watering has kept the upper aquifer groundwater 
6 to 10 ft below its natural level of approximately 630 ft msl in that area for at 

least the past four years. Prior to landfill operations, the groundwater flow 
direction was probably also in a westerly direction. However, the gradient was 

probably less steep than that observed under current conditions. 

-· 
-
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Recharge at Cleared and Filled Areas. Figure 4-19 presents a cross sectional 

drawing, sketched from the landfill excavation on the left, northeast to the fire 

pond, through the On-Site Containment Area, to staff gage SG-10 in the 

northeast. The water table is plotted from the August 17, 1989 measurements. 

If there were no areas of major surficial recharge across the site, the water table 

would be represented by a straight line between the water level in the excavation, 

to staff gage SG-10. Instead, the water table shows significant mounding beneath 

the ACS facility. The fire pond water level is approximately 6 feet higher than the 

"no surficial recharge" line. 

It is likely that infiltration of precipitation is enhanced across the entire fenced 

ACS facility. Under natural conditions, ground cover would consist of fine 

grained top soil and vegetation and the vegetation would take up and transpire 

much of the moisture which did infiltrate during the growing season from April to 

August each year. Within the fenced area, the surficial material is coarse-grained 

crushed limestone gravel and all vegetation has been eliminated. The crushed 

gravel may have hardened and formed a surface which would resist infiltration of 

surface water, and the lack of vegetation probably serves to limit the 

evapotranspiration. 

During a site visit by Warzyn, John Murphy, an ACS employee, stated that several 

inches of precipitation result in a lot of surface water movement across the site. 

He pointed out four area basins which were constructed to capture and hold 

surface water and minimize run-off. These are shown by cross-hatch on Figure 4-

12. They include the Fire Pond, which is fed by a storm sewer from the southeast 

part of the facility, and three other areas which provide local drainage. The water 

held in these impoundments has the potential to recharge the upper aquifer. 

John Murphy also explained that the Fire Pond acts as a catchment basin for spills 

which might occur On-Site. The in-flow from the storm sewer has a compartment 
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with an inverted weir to contain liquid which might be floating on the water. In 
addition, there is an over flow pipe in the north wall of the Fire Pond. It 
discharges to the sanitary sewer service for the site. Its intake level is 
approximately 638 feet msl and its purpose, as reported by Mr. Murphy is to 
maintain the Fire Pond level below that elevation. 

The water table contours across the landfill indicate mounding in the vicinity of 
piezometers P-12, P-13, and P-16. At one measurement point, P-18, the liquid 
elevation was consistently found to be about 10 feet higher than the surrounding 
measuring points, indicating extreme local mounding. The high liquid elevation 
at P-18 may be the result of the piezometer screening a perched zone within the 
landfill. That elevation was not included in the water table plots in Figures 4-17 
and 4-18 and in Appendix 0. 

The water level contour lines are skewed to the south and west in the vicinity of 
the Off-Site Containment area, suggesting that significant recharge is occurring 
through the cap which was placed over the area. The amount of mounding in the 
Off-Site Containment is limited by surface discharge of groundwater into the 
drainage ditch which extends several hundred feet north from staff gage SG-1. 

4.5.2.5 Hydraulic Gradients. In an isotropic aquifer, groundwater flow will move 
from areas of high water table to lower areas, following flow lines which cross the 
potentiometric contours at right angles. Since the upper aquifer is primarily 
sorted sand, it can be assumed that it is generally isotropic, and that therefore, the 
primary control on the direction of groundwater flow is the hydraulic gradient. 

In all the watertable maps for this investigation, the fire pond has consistently 
exhibited the highest water elevation, and the potentiometric contour lines 
decline with distance from the pond. This pattern indicates that the primary 
groundwater flow at the site is radially outward from the fire pond. There are 
minor seasonal differences in the flow pattern. Figure 4-17 shows the water table 

-

-
-
-
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configuration during the wet season and Figure 4-18 shows the dry season water 
table. A similar radial flow pattern outward from the Fire Pond is apparent in 
both figures and the others included in Appendix 0. 

Groundwater Flow During the Wet Season. Groundwater flow in the upper 
aquifer can be represented by the five flow paths identified on Figure 4-21. 
Radial groundwater flow from the fire pond mound is represented by three 
"spokes" extending outward. Two supplemental flow paths are also shown. Two 
measurement locations along each flow line were selected as "end-points", and 
hydraulic gradients were calculated for each for five dates during the investigation 
(Table 4-4 ). 

Groundwater flow path #1 is from the On-Site Containment area, northwest 
toward the drainage ditch in the vicinity of staff gage SG-5. The hydraulic 
gradient can be represented by the water elevations at the "end-points", 
piezometer P-32 and staff gage SG-5. 

Groundwater flow path #2 flows from the fire pond mound west toward discharge 
in the landfill excavation. The hydraulic gradient can be represented by the water 
elevations at the "end-points", staff gage SG-7 and piezometer P-27. 

Groundwater flow path #3 begins in the still bottoms area and flows south west 
towards landfill excavation. The hydraulic gradient can be represented by the 
water elevations at the "end-points", piezometers P-30 and P-5. 

Groundwater flow path #4 begins beneath the fenced ACS facility, curves 
beneath the Off-Site Containment Area, and discharges to the small drainage 
ditch and the landfill excavation. The hydraulic gradient can be represented by 
the water elevations at the "end-points", piezometers P-4 and P-20. At the 
February measurements, the gradient was reversed (negative value) indicating a 
local reversal of groundwater flow from west to east). 
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Groundwater flow path #5 is to the east, outside the influence of the Fire Pond 
mound. It represents the regional flow which is diverted to the south by the 
mounding. The hydraulic gradient can be represented by the water elevations at 
the "end-points", monitoring wells MW-5 and MW-6. 

Groundwater Flow Pattern in the Dry Season. The water table is raised due to 
precipitation events. The amount of the rise varies from area to area resulting in 
small mounds and depressions in the water table at the site. Figure 4-18 was 
constructed from water levels measured during the dry season, immediately after 
a precipitation event. (The water levels were measured on August 17, 1989, three 
days following a 1.5 inch rain in Griffith.) The water level contour plot indicates 
that the water table is raised locally in some places and less at other locations, 
resulting potentiometric lines which are less smoothly curved. For example, 
compare the 633 and 634 contour lines on Figure 4-17 to the 632 and 633 contour 
lines on Figure 4-18. The contour lines on Figure 4-18 suggest significantly 
different groundwater flow paths. So the net groundwater flow paths are a 
combination of the several different paths which occur. 

For example, MW-15 is on the down gradient flow path for potential 
contaminant migration from the still bottoms area as shown in Figure 4-18. 
However, the analytical results indicate that monitoring well MW-15 is 
uncontaminated. 

4.5.2.6 Groundwater Seepage Velocity. Estimates of the groundwater seepage 
rate in the upper aquifer can be calculated with the following equation (Freeze 
and Cherry, 1979), using the values for permeability (K), the hydraulic gradient (i) 
and the effective porosity (n). 

Ki 

n 

where: Vs =Seepage Velocity 
K = Permeability 

= Hydraulic Gradient 
n =Effective Porosity 

Specific values for each of the variables have been compiled for this investigation. 
Permeability values were calculated from the bail tests at each monitoring well, 

-
-
-
-· 
-
-
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porosity values were determined in the geotechnical laboratory for samples of the 
aquifer materials, and hydraulic gradients have been calculated for five discrete 
flow paths across the site (Table 4-4). 

The permeability values and porosity values determined for this investigation are 
representative of a limited number of small points within the much larger aquifer. 
It is known that permeability values are log normally distributed throughout an 
aquifer and porosity values exhibit a normal distribution. Table 4-4 indicates that 
the hydraulic gradient varies along each flow path throughout the year. 
Therefore, it is appropriate to calculate a range of potential seepage velocities 
based on average permeability values for each variable. 

Two calculations are included on Table 4-5. The first calculation uses the average 
permeability and effective porosity for the whole site, with the average gradient 
for each specific flow path. The second calculation is based on the specific 
permeability measured at the closest monitoring well, the average effective 
porosity, and the average hydraulic gradient for the specific flow path. These 
calculations indicate that groundwater flow rates at the site vary from about 20 
feet/year to about 250 feet/year in the upper aquifer. The seasonal variation in 
gradient along each flow path is presented in Table 4-4. 

4.5.3 Lower Aquifer 
The lower aquifer monitoring wells were constructed during Phase II of the 
investigation which was begun in March 1990. The goal was to install a total of 
four lower aquifer wells, placing at least one directly down gradient from the area 
of known greatest contamination (the Still Bottoms and Treatment Lagoon 
Areas). 

First, three lower aquifer wells, MW-7, MW-8, and MW-9, were constructed and 
then the reference elevations were established to NGVD (National Geodetic 
Vertical Datum of 1929). (Each of the well locations was selected to coincide 
with an upper aquifer well or piezometer so that vertical gradients could be 
calculated.) Next water levels were collected to calculate the horizontal hydraulic 
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gradient in the lower aquifer. The location of MW-10 was selected directly 
downgradient (north) of the center of the ACS facility. 

4.5.3.1 Water Level Measurements. Water level measurements were made at all 
four of the lower aquifer wells on July 18, 1990 and September 13, 1990. The 
levels had previously been measured at the first three lower aquifer wells on April 
6, 1990. The measured depths and calculated groundwater elevations are 
tabulated in Table 2-4. 

4.5.3.2 Potentiometric Distribution. A contour plot of the potentiometric 
distribution has been developed for the two dates on which all four water levels 
were measured, July 18, 1990, and September 13, 1990. In each case the four 
water elevations fall on a single plane. Figures 4-22 and 4-23 show the north 
trending gradient. 

4.5.3.3 In-situ Hydraulic Conductivity Tests. In situ hydraulic conductivity 
(permeability) tests were conducted at the four lower aquifer monitoring wells. 
The test procedures are discussed in Section 2.5.3 and the raw data and 
calculations are compiled in Appendix I. The permeability values from the tests 
are summarized in Table 2-3. 

The permeability (K) values of the lower aquifer material ranged from 4.2x1o-2 
ft/min at MW-9 to 4.6x1o-3 ft/min at MW-7 and MW-10. The geometric mean 
value for the four tests is: 

Geometric Mean: 

4.5.3.4 Hydraulic Gradients. 

K = 4.4 X w-2 ft/min 
3.2 X tQ-2 em/sec 

Horizontal Gradient. The horizontal gradient is calculated as the decline in the 
potentiometric head along a flow line, divided by the distance over which the 
decline occurs. The gradient (i) in the lower aquifer, calculated from the July 18, 
1990 water levels, was i = 0.00063 (0.6 ft/950 ft). The gradient indicated by the 
September 13, 1990 measurements was also i = 0.00063 (0.6 ft/950 ft). 

-
-
-
-
-
-
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4.5.3.5 Groundwater Seepa~e Rate. The same equation used in Section 4.5.2.6 to 
calculate horizontal groundwater seepage velocities in the upper aquifer can be 
calculated for the lower aquifer. 

Groundwater Seepage Velocity: Ys = 1.4 x 10-4 ft/min 
= 73ft/year 

Where: K = 4.4 X 10-2 ft/min 
i = 0.00063 
n = 0.20 

A more conservative approach is to assume that the effective porosity is 
somewhat less than the total porosity. Since there is an inverse linear relationship 
between seepage velocity and effective porosity, a halving "n" would result in a 
doubling of the calculated seepage rate. Conversely, a higher effective porosity 
would result in a proportionally lower seepage rate.· 

On the basis of the data from this investigation, it is reasonable to estimate that 
the groundwater in the lower aquifer is moving northward beneath the ACS site 
at a seepage rate of between 50 and 100 feet per year. 

4.5.4 Clay Confining Layer 
Previous reports had indicated that there was a clay layer separating the upper 
aquifer from the lower aquifer. For this investigation, the existence and 
characteristics, including thickness, of the clay layer were documented by drilling 
to and through during the construction of monitoring wells, and by conducting 
additional soil borings at the end of Phase II in the northwest area to further 
evaluate the characteristics of the clay in that area. 

4.5.4.1 Clay Surface Elevation and Thickness. The base of the upper aquifer is 
delineated by the upper surface of the clay layer. During the installation of all 
upper aquifer monitoring wells in Phases I and II, each boring was continued until 
the clay was encountered so that the elevation of the top of clay could be 
documented. Three of the four borings in the landfill made to construct leachate 
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headwells were extended until the clay was encountered. Several soil sampling 

-
-

borings in the On-Site Containment and Off-Site Containment areas were -
extended to the clay to collect samples to test for contamination at the bottom of 
the upper aquifer. The boreholes for installing the eight lower aquifer wells were 
used to document the existence of the clay. In addition, an additional 
investigation was performed northeast of the ACS facility by making soil borings 
CB-1, CB-2, and CB-3. The depths and thicknesses of clay defined during each 
aspect of the investigation are summarized on Table 4-2. These values were used 
to develop a top-of-clay contour map (Figure 4-7) and a clay layer isopach map 
(Figure 4-9). The clay layer is consistently found at an elevation within a foot or 
two of 620 ft msl. One exception is noted at landfill headwell L W -4, at which clay 
was encountered at elevation 614.5 ft msl. Investigations performed by the City of 
Griffith at the Griffith Landfill indicated that the clay varies in thickness from 
about 9 to 34 feet, and the the top clay elevation ranges from about 611 to 620ft 
msl. The clay was noted to be thinnest at the northwest corner of the landfill. 

4.5.4.2 Physical Characteristic. Samples of the clay layer were collected during 
both phases of the investigation and submitted to the geotechnical laboratory for 
physical testing. In Phase I, one sample was collected from the upper few feet of 
the clay layer at each of the six monitoring well locations. These samples were 
collected by Shelby tube so that undisturbed laboratory permeability testing could 
be conducted. During Phase II, samples were collected from the confining layer 
while drilling to install two of the lower aquifer monitoring wells. Samples were 
collected at the MW-7 and MW-9 locations and laboratory tested for grain size, 
Atterberg limits, total porosity and total organic carbon (TOC) content. 

The clay vertical permeability values ranged from 5.8x1o-9 em/sec to 6.7xto-7 
em/sec with a geometric mean value of 4.8x1Q-8 em/sec (Table 4-7). Total 
porosity was laboratory measured for two samples from the clay layer. The total 
porosity values were 0.257 and 0.327 (unitless). 

.... 

-
-
-
-
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4.5.4.3 Vertical Gradients. Vertical gradients can be calculated by dividing the 
decline in potentiometric head over the distance across which the decline occurs. 
Water levels in both the upper and lower aquifer are known at the four lower 
aquifer monitoring well locations. 

Each of the lower aquifer wells was constructed with a 5-ft screen located just 
below the bottom of the clay confining layer, so water levels in the lower aquifer 
well represent the potentiometric level at the base of the clay layer. Each lower 
aquifer well was placed at a location to coincide with either a piezometer or an 
upper aquifer monitoring well, and since these were constructed with screens 
intersecting the water table, the water levels measured, represent the watertable 
elevation. 

Differences of 9 to 13 feet have been observed between the water levels of upper 
and lower aquifer wells. These represent strong downward gradients. However, 
it is unlikely that the gradient at each location is evenly distributed across the 
upper aquifer and clay layer. Because of the large disparity in the permeability of 
the sand upper aquifer and the clay layer, it is likely that the head drop is 
distributed primarily across the clay confining layer. Therefore, the most 
representative vertical gradient is calculated if the distance over which the head 
drop occurs is assumed to be the clay thickness at the specific location rather than 
across the measured distance between the screens in the upper and lower aquifer. 

To calculate vertical gradients at each location, an "effective" screen separation 
was determined from the clay thickness measured at each lower aquifer 
monitoring well location (listed in Table 4-2). The vertical gradients calculated 
at the four lower aquifer wells are summarized on Table 4-6. The vertical 
gradients vary from 0.71 to 1.43. The average vertical gradient of approximately 1 
(unitless). 

4.5.4.4 Potential Leakage across the Clay Confining Layer. The potential vertical 
leakage across the clay confining layer can also be calculated as a groundwater 
seepage rate using with the equation used in Section 4.5.2.6. Values for the 
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seepage rate at each of the four lower aquifer monitoring well locations are 
calculated in Table 4-7. For each calculation, the following values were used for 
each variable: 

Permeability (K) 

Gradient (i) 

the geometric mean permeability value ( 4.8xl0-8) is 
used for all calculations. 

the vertical gradient used is the one calculated for 
each lower aquifer monitoring well location. 

Effective Porosity (n) Effective porosity is generally less than the 
measured porosity, so a conservative value of 0.15 is 
used. This value is one half the average laboratory 
determined porosity: ((0.257+0.327)/2/2). = 0.15. 

With these assumptions, it is calculated that the vertical seepage rate for 
groundwater between the upper and lower aquifer is between 0.24 ft/yr at MW-7 
to 0.46 ft/yr at MW-10, where the clay layer is thinner. This represents the 
potential seepage rate for water through the clay. The seepage rate may be 
greater, if significant secondary permeability due to fractures is present in the 
clay. It should be recognized that the actual migration of contaminants would be 
siginficantly less because of retardation caused by the organic content of the clay 
layer and other factors such as ionic exchange within the clay. Attenuation and 
retardation will be discussed in detail in Section 6. 

If significant differential leakage were occuring at a specific location, the result 
could be a mounding in the water levels of the lower aquifer. If mounding were 
occurring, it could be indicated by failure of the four lower aquifer water 
elevations to fall on a single plane. Since all lower aquifer water levels have 

consistently fallen on a single plain, differential leakage has not been indicated. 

Local areas of leakage could also result in local depressions in the water table 
contour plots for the upper aquifer. The depressions could be apparent as 

-

-
-
-
-
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contour lines with unexpected curves or bends, and these would be most apparent 
in "steady-state" conditions when there would be no other influences on water 
levels. The water table contour lines do show anomalous curves and bends, but 
they occur after rainfall events (see Section 4.5.2.5), which cause non-steady-state 

conditions. In steady-state conditions, the upper aquifer contour lines lack 
anomalous bends. Only one lower aquifer well exists near the Off-Site 
Containment Area, where leakage is suspected. It is doubtful that this well would 
exhibit mounding associated with a small amount of leakage. 

Therefore, neither the upper nor lower aquifer water level plots indicate that 
groundwater is leaking across the clay layer. However, the contamination present 
in MW-09 is evidence that some leakage is occurring. 

4.6 GROUNDWATER FLOW DYNAMICS 
Groundwater flow and surface water flow are closely connected within the upper 
aquifer. At the present time, the primary controls on the upper aquifer 

groundwater flow system are 1) the surface water injection into the upper aquifer 
at the fire pond, and 2) the de-watering of the upper aquifer at the Griffith 
Municipal Landfill. 

The upper aquifer groundwater flow system exhibits steady-state conditions at the 
present time, and the conditions have existed for at least the past 10 years. But it 
should be recognized that a change in surface water injection by ACS Inc., or a 
change in the landfill de-watering by the City of Griffith, could result in significant 
changes in the groundwater flow patterns in the upper aquifer. 

V251RI Section4PN jKJQ 
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SECfiONS 
NATURE AND EXTENT OF CONTAMINATION 

The primary purpose of the RI Report is to develop an understanding of the nature and 
extent of contaminants at the ACS Site. For completing the Endangerment 
Assessment, documentation of the chemical constituents of the contaminants and the 
specific locations of those contaminants is important. For the Feasibility Study, it is 
important to identify the zones of contamination which may need to be remediated, to 
determine the vertical and horizontal extent of the contamination in each media, and to 
document the characteristics of the contaminants which will be critical in selecting an 
appropriate remedy. 

The purpose of this section is to identify discrete zones and media which are affected at 
the Site and to present a detailed indication of the horizontal and vertical extent in each 
zone, as well as a chemical characterization of each zone. 

Later in this section, areas are delineated on the base map and volumes are calculated 
to aid in a conceptual understanding of the vertical and horizontal extent of 
contamination. Specifically, 1 ppm of total VOCs has been selected to represent areas 
of organic contamination and 500 ppm of lead has been selected to represent metals 
contamination. Contour lines of 1 ppm and 50 ppm have been used to represent PCB 
contamination. However, it is important to note that the purpose of this section does 
not extend to the defining areas or calculating actual volumes of waste requiring 
remediation. Those will be purposes of the Feasibility Study. 

The data which will be used to thus define the characteristics and extent of 
contaminated zones were collected in two phases and a Supplemental Technical 
Investigation (STI). The general purpose of Phase I was to identify each zone of 
contamination. The purpose of Phase II and the STI was to document the horizontal 
and vertical extent of contamination and identify the homogeneity or variety of 
chemical constituents within each zone. Sampling was conducted in the following 
media during the field investigation. 
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Soil/Waste - Split spoon subsurface samples collected in August-September 
1989 and May-June 1990 during drilling operations, surface soil area composite 
samples collected during July-August 1989, and test pit samples collected 
during July-August 1989. 

Groundwater - Samples collected in August 1989, May 1990 and July 1990, 
from monitoring wells, subsurface aquifer matrix samples collected during 
drilling in May 1990, and private well samples, collected in May 1990. 

Surface Water - Samples collected in July 1989 from adjacent wetlands and 
drainage systems. 

Sediment - Samples collected in July 1989 and May/July 1990 from adjacent 
wetlands and drainage systems. 

Phase I findings indicated that the subsurface contamination was more extensive than 
envisioned when the original scope of work was developed for the Work Plan. To 
adequately characterize the site contamination, the Phase II scope of work was 
modified and the STI was included. Section 5.1 briefly summarizes the findings from 
Phase I to provide an overall perspective of the entire investigation. The remaining 
subsections, 5.2 through 5.5, present the final characterization of each of the 
contaminated areas, based on the data collected during all RI tasks and Phases. 

A detailed description of sampling methodologies, boring locations, etc., is described in 
Section 2. A narrative describing the sequence of sampling and the rationale for 
collecting each sample is provided in Section 3. Evaluation of the physical setting and 
the hydrologic and hydrogeologic regimes was presented in Section 4. Samples from the 
various media were analyzed for U.S. EPA Target Compound List (TCL) organics and 
Target Analyte List (TAL) metals and cyanide. Groundwater, surface water and 
private well samples were also analyzed for water quality indicator parameters. 
Detailed descriptions of analytical procedures and associated quality assurance can be 
found in the ACS Quality Assurance Project Plan (QAPP) (Warzyn, May 1989). 
Results of the laboratory analyses and a discussion of data quality can be found in 
Appendix Q. A tabular presentation of the data can be found in Appendix R. This 
section presents an evaluation of that analytical data. 

-
-

-
-
-
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A total of nine test pit waste samples, three soil surface area composite samples and 33 
soil boring samples were collected from waste areas during the Phase I investigation. 
Due to the relatively large number of waste constituents detected, compounds were 
grouped together, where applicable, to assist in evaluating contaminant distribution. 
For example, there are certain organic compounds associated with degradation 
sequences (i.e., the formation of breakdown products from the parent compound) which 
were grouped separately, such as the chlorinated ethanes and ethenes. Other organic 
compounds were grouped based on their similar chemical characteristics. The specific 
compound groupings which were used are discussed below: 

BETX Compounds- Partially water soluble products from gasoline, oil and/or 
hydrocarbon products (i.e., benzene, ethyl benzene, toluene, xylene); 

Total Chlorinated Benzenes - Used as solvents and reagents from a variety of 
chemical manufacturing processes. Compounds in this group include 
chlorobenzene, hexachlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 
1,2-dichlorobenzene, and 1,2,4-trichlorobenzene; 

Total Chlorinated Ethenes - Chlorinated ethenes, including tetrachloroethene 
(PCE), trichloroethene (TCE), dichloroethene (DCE) and vinyl chloride. 
These compounds represent a potential degradation sequence, and are 
common industrial compounds; 

Total Chlorinated Ethanes - Chlorinated ethanes, including 1,1,2,2-
tetrachloroethane, 1, 1,2-trichloroethane, 1, 1, 1-trichloroethane, 1,2-
dichloroethane, 1, 1-dichloroethane, and chloroethane. These compounds 
represent a potential degradation sequence and are common industrial 
solvents; 

Ketones- Compounds found in resins, paint removers, cement adhesives and 
cleaning fluids (e.g., acetone, 2-butanone, 2-hexanone, 4-methyl-2-pentanone, 
isophorone); 

Plasticizers - Compounds associated with plastics and plastic making processes 
(e.g., phthalates); 
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~ - Mixtures of chlorinated biphenyls identified as Aroclors, formerly used 
extensively in industrial applications. 

Polycyclic Aromatic Hydrocarbons (P AH) - A group of compounds associated 
with and derived from coal and oil, and the incomplete combustion of 
carbonaceous materials; 

Phenols - A group of chemicals of similar composition used in adhesives, 
epoxies, plastics and a variety of synthetic fibers and dyes. Compounds in the 
group include chlorinated, methylated, and nitrified phenols. Benzoic acid is 
also included with the phenols, because it may be a degradation product of the 
phenols. 

Table 5-l is a listing of specific compounds placed in the above groupings. Note that 
the compounds listed in the table do not contain .all compounds detected in the various 
media, nor were ..all listed compounds detected in each media sampled. All significant 
contaminants are contained within these groups. Summaries of individual compounds 
detected in each sample are contained in Appendices Q and R. 

Results of the Phase I investigation identified three general source areas of 
contamination at the ACS Site (Figure 1-2). 

the On-Site Containment Area; 
the Still Bottoms/Treatment Lagoon and adjacent areas; and 
the Off-Site Containment Area and Kapica/Pazmey Area. 

While the concentrations and distribution of the organic contaminant groupings varied 
between and within the three source areas, the organic compounds present were 
generally the same, with the exception of the PCBs. For example, while the BETX 
group generally represented the highest concentration of organic contaminants in the 
waste areas, elevated concentrations of BETX were closely correlated to elevated 
concentrations of chlorinated ethenes, chlorinated ethanes, etc. (see Figure 5-1 and 5-
2). However, correlation between BETX and PCBs did not exist (Figure 5-3). 
Therefore, for the purpose of describing the nature and extent of organic contaminants 
with respect to remediation, two categories of organic contaminants can be developed: 

-
-
-
-
-
-
-
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Figure 5-4 shows there is a direct correlation between the distribution and 

concentration of total VOCs and individual organic compounds (except PCBs). 

The metals data from the Phase I waste samples were evaluated in the context of the 

U.S. EPA Publication, Trace Chemical Element Content of Natural Soils (1983). 
Table 5-3 provides the common ranges and average concentrations of metals in natural 
soils obtained from this publication. Twelve TAL metals were detected in one or more 

waste samples at concentrations in excess of the "common range" for natural soils (EPA 
1983): 

Antimony 
Barium 
Cadmium 
Total Chromium 
Cobalt 
Copper 

Lead 
Magnesium 
Mercury 
Selenium 
Silver 
Zinc 

As with organic contaminants, elevated metal concentrations were detected in each of 
the three source areas, however, metals distribution was considerably different from 

organics distribution. 

Of the twelve metals detected in excess of the U.S. EPA "common range", total 
chromium and lead were the most prevalent. As shown in Figure 5-5, a logarithmic plot 

of Phase I lead concentrations versus total chromium concentrations indicate a strong 
correlation in the occurrence of these two elements. Therefore, lead concentrations 

were selected as an indicator of TAL metals distribution in the source areas. 

Correlation was not observed beteen lead and metals other than chromium. 

In summary, Phase I data indicated that there were large areas of buried contamination 
with a wide range of contaminants. The Phase II sampling plan was modified and 
supplemented (with the STI) to provide an adequate number of sampling locations, 

with appropriate test parameters to delineate the vertical and horizontal extent of each 
potential source area. 
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The remaining sections present detailed descriptions and delineation of the nature and 
extent of contamination in each media using all Phase I, Phase II, and STI data and 
information. Table 5-2 provides a listing of the data groupings with the concentration 
of each group at each sampling point. Chemical groups are separated in columns; the 
sampling points are grouped in rows, by investigative area. 

Section 5.2 discusses the landfill contamination. Section 5.3 presents the results of 
sediment and surface water sampling. Section 5.4 provides a characterization and 
delineation of contaminated soils and buried waste (exclusive of the municipal landfill). 
Section 5.5 describes the impact to groundwater in the upper and lower aquifer beneath 
the Site. 

5.2 LANDFILL AREA 
Leachate samples were collected during Phase I from the Griffith Municipal Landfill, at 
leachate wells LW01 through LW04 (Figure 2-3). The wells were screened in buried 
refuse and they are arrayed from southeast to northwest across the Landfill. LW01 is 
farthest to the southeast, representing the oldest part of the Landfill, and LW04, to the 
northwest, is near the newer, active part of the Landfill. Samples were analyzed for 
TCL, TAL, and water quality indicator parameters. Summaries of the laboratory 
results for the chemical analyses of leachate samples are contained in Appendix Q-1 
and tabulated in Appendix R-1. 

5.2.1 Organics 
The TCL organics and tentatively identified compounds (TICs) detected in the leachate 
samples tended to be highest in samples from L W03 and L W04 located in the newer 
area of the landfill, where active biochemical decomposition of the refuse is apparently 
greater, due to enhanced availability of nutrients. Six of the nine organic groupings 
were detected in the leachate well samples. Chlorinated ethenes, chlorinated ethanes, 
and PCBs were not detected in the leachate samples. 

Concentration ranges for each organic contaminant grouping detected in the leachate 
well samples were as follows: 

-
-
-

-
-
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BETX are primary constituents of gasoline and as such, they are relatively commonly 
found in landfill leachate. The source of BETX in the leachate wells may be the Off
Site Containment Area. No organic contaminants (including BETX) were detected in 
monitoring wells MW-1 or MW-15, which are downgradient of the landfill in the upper 
aquifer. Phenols and ketones were detected in the leachate samples at levels similar to 
BETX. 

5.2.2 lnor~anics 
Typically landfillleachates have a high inorganic component due to the breakdown of 
the waste material. Concentrations of most TAL metals, including cyanide, in leachate 
samples from the Griffith Municipal Landfill were highest at LW02. The exceptions 
were cadmium, selenium and silver at LW03, and arsenic, potassium and thallium at 
LW04. 

The higher inorganic content at LW02 could be attributable to the higher suspended 
solids (TSS) in this sample. TSS in LW02 was 12,300 mg/L, compared to 6,050 mg/L at 
LW04, the next highest. Leachate samples are not field filtered, therefore, metals 
associated with suspended solids are included in the analysis. The remaining indicator 
parameters tended to increase in concentrations from LW01 and LW02 in the older 
part of the Landfill to LW03 and LW04 in the newer portion. 

5.3 SEDIMENT AND SURFACE WATER 
Samples of surface water and sediment were collected in July of 1989, and May and July 
of 1990. Sediment and surface water sample locations are shown in Figure 2-4. 
Laboratory results are contained in Appendices Q-3, Q-4, R-3, and R-4. 
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A total of 18 sediment samples were collected during both phases of the investigation 
and analyzed for TCL organics and TAL inorganics. Seven sediment samples were 
collected during Phase III and analyzed for total organic carbon for purposes of the 
ecological assessment. 

The sediment sample locations were selected to represent several areas internal to the 
Site as well as the potential sediment accumulation areas at the Site boundaries. Seven 
general sediment areas were sampled: 

• ACS facility - SD01, SD02; 
• Wetlands north and west of ACS- SD03, SD04, SDlO, SDll, SD12, SD16; 
• Drainage ditch west of ACS - SD07 A, SD07B; 
• Drainage ditch north of landfill - SD07C; 
• Wetlands West of Landfill - SD06, SD13, SD14; 
• Wetlands East of Landfill - SD08, SD09; and 
• Drainage from Off-Site Containment- SD05, SD15. 

A number of organic and inorganic constituents were detected in the sediment samples, 
however, with the exception of sediment locations on or immediately adjacent to the 
Site, concentrations were relatively low, indicating only minor impacts to Off-Site 
sediments. The following briefly summarizes the analytical results in each of the seven 
general sediment sampling areas: 

ACS facili~- Four of the nine organic contaminant groups were detected in 
SDOl and D02. Phthalates and PCBs were detected in both samples, BETX 
and total phenols were detected in SD02. Lead levels at SD02 appeared 
slightly elevated relative to SDOl. See Table 5-2 for concentrations. 

Wetlands north and west of ACS - Eight of the nine contaminant groups 
were detected in one or more of the six samples representing sediments m 
this area (Table 5-2). SD03 is located at a former drainage ditch location 
(1970 aerial photograph, Appendix A), and SD16 is located at what may have 
been a settling pomt for runoff from the ACS facility. This drainage ditch 
and settling pomt appeared to drain the Still Bottoms/Treatment Lagoon 
area in the 1970 aemil photo&!aph and the contaminant groups detected in 
these samples max have originated from this drainage. SDlO is located 
adjacent to the rallroad and elevated P AHs may be attributable to treated 
rallroad ties. Lead and chromium levels were also somewhat elevated at 
SD16 in comparison to the other samples in this area. 

-

-
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Drainage ditch west of ACS - Three contaminant groups were detected in the 
two samples from this area. Total P AHs and pbthalates were detected in 
both SD07A and SD07B, total phenols were detected in SD07B only. These 
samples are located adjacent to the railroad, and compounds detected may 
be attributable to rail equipment and activities. 

Drainage ditch north of Landfill - Phthalates and PCBs were detected in 
SD07C. The landfill, railroad and ACS are potential sources at this location. 

Wetland west of Landfill- Total phenols, PAHs, .e_!lthalates and ketones were 
detected in one or more samples from this area (Table 5-2). The landfill is a 
potential source in this area, as is past drainage of the Kapica area and Off
Site Containment Area. 

Wetland east of Landfill - BETX, phenols, PAHs and~hthalates were 
detected in one or both samples from this area (Table 5-2 . The Landfill, 
Off-Site Containment or commercial operations along eder Road are 
potential sources in this area. 

Drainage from Off-Site Containment - BETX, phenols, P AHs and phthalates 
were detected at SD05 immediately west of the Off-Site Containment (Table 
5-2). This location was formerly part of a drainage system from the ACS 
facility, therefore, some of the contaminants may represent former runoff. 
However, groundwater discharge is likely the source of at least the BETX. 
Total phthalates and P AHs at SD15 may originate from either the adjacent 
railroad or the Off-Site Containment Area, where incinerator ash was 
reportedly disposed. 

5.3.2 Surface Water Results 
Five surface water samples were collected, two were internal to the Site, and three were 
on the perimeter of the Site: 

Internal 
• ACS facility- SWOl, SW02 

Perimeter 
• Drainage from Off-Site Containment - SW05 
· Ditch west of ACS - SW07 A 
• Wetlands east of Landfill- SW08. 

With the exception of SW05, chemical concentrations in the surface water samples were 
relatively low. TAL metals and cyanide concentrations did not appear to be elevated in 
surface water samples. 
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· ACS facilifl - Trace amounts of 1,2-dichloroethene and 1,1-dichloroethane, 
both of whtch were detected in nearby soils were detected in the ACS Fire 
Pond (SW01 ). Aroclor 1248 was also reported at the detection limit at both 
SW01 and SW02, and is likely related to suspended solids in the surface water. 

Draina~e from Off-Site Containment - Historical review indicates a ditch was 
cut between the Off-Site Containment area and the landfill, apparently to drain 
surface water toward the west. Over the years, sections of the dttch have 
become filled in so it is no longer a contmuous surface water flow route. 
However, water levels measured at staff gage SG-5 indicate that the water level 
is similar to the surrounding groundwater level, and evaluation of the 
groundwater flow system (Section 4.5.2.4) indicates that groundwater 
discharges to this ditch. The water in the ditch is usually a rusty-red color with 
evidence of oily sheen on the surface. The ditch probably provides 
groundwater discharge from both the Off-Site Containment Area and the 
Municipal Landfill. The surface water samples collected from this ditch 
(SW05) contained the highest concentrations of VOCs of the surface waters 
sampled with BEXT (508 ug/L) and ketones (574 ug/L), as well as lower 
levels of chlorinated ethenes and ethanes. All the VOCs detected in SW05 
were present in soils from the Off-Site Containment Area and groundwater. 
No pesticides or PCBs were detected in this sample. 

Ditch west of ACS- SW07~ contained chloroethane at 14 ug/L as the only 
detected organic target compound. This may be attributed to the discharge of 
contaminated groundwater. 

· Wetlands east of Landfill - SW08 contained toluene at 8 ug/L, and total 
phenols at 635 ug/L Contaminants at this location may ori~mate from the 
commercial establishments along Reder Road. This is a light mdustrial area, 
with possible underground storage tanks and solvent use. 

5.4 WASTE/SOILS 
' 

This section describes the nature and extent of TCL and TAL constituents within the 
various waste disposal areas. As previously discussed, a relatively large number of 
compounds were detected in the waste areas. Therefore, as described in Section 5.1, the 
extent of contaminated waste and soils was evaluated based on the three indicator 
groupings (total VOCs, total PCBs and lead). Visual observations and HNu readings 
obtained from subsurface auger probes were also considered in the determination of 
horizontal and vertical waste extent. 

Six contaminant-extent base maps have been developed: 

-

-
-
-

-
-
-

-
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Figure 5-6 
Figure 5-7 
Figure 5-8 
Figure 5-9 
Figure 5-10 
Figure 5-11 

Area and Contaminants Displayed 
On-Site Area, VOC contamination 
On-Site Area, PCB contamination 
On-Site Area, Lead contamination 
Off-Site Area, VOC contamination 
Off-Site Area, PCB contamination 
Off-Site Area, Lead contamination 
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A series of overlays have been developed for each base map for discrete sampling 
depths (labeled as Figure 5-6a, 5-6b, etc.). Each overlay represents a specific depth 
interval, with the lowest interval generally representing the zone about 0-5 feet above 
the top of the clay confining layer. The overlays are scaled to "1 inch = 150 feet". By 
lining up the reference grid on an overlay with the associated base map (e.g., Figures 5-
6 through 5-11 ), the reader may reference horizontal contamination to Site features. 
Note that the chemical concentrations shown on the overlays are "mg/kg" (ppm), the 
solid contour line represents the approximate extent of concentrations in excess of 1 
mg/kg (ppm) for the total VOCs and PCBs, and 500 mg/kg (ppm) for lead. On the 
PCB overlays, a second contour line representing 50 mg/kg (ppm) total PCBs is 
included. The approximated extent of PCB concentrations in excess of 50 ppm is 
shaded for clarity when using multiple overlays. 

The overlays were developed to aid in the conceptual analysis of the extent of impact 
and provide the delineation of substances necessary to proceed with the risk assessment 
and continue with the alternatives evaluation in the Feasibility Study. The depth and 
range of depths for each overlay were selected to best represent the data. 

It is important to note the following. The selection of 1 ppm for VOCs, 1 ppm and 50 
ppm for PCBs, and of 500 ppm for lead is arbitrary. The contour lines representing 
these concentrations were developed from a combination of laboratory data, field 
measurements and visual evidence of contamination. They do not delineate areas 
requiring or not requiring remediation. They are presented to aid in understanding the 
vertical and horizontal extent and variability of the contaminants at the Site. The 
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contour maps will be useful in the Feasibility Study to evaluate the potential extent of 
various contaminants, and the degree of mixing of various types of contamination, and 
to develop discrete areas and calculate volumes requiring remediation. 

The following subsections describe the extent and location of contaminated wastes and 
soils within each of the various waste disposal areas (ie., On-Site Containment Area, 
etc.). Discussions on the nature of contaminants will generally be limited to the nine 
organic compound groups and metals. Laboratory results for the soil boring and test pit 
samples are contained in Appendices Q-5, Q-6, Q-7 and R-5, R-6, R-7. Table 5-2 
provides a summary of the organic contaminant group results plus lead, chromium and 

total VOCs. 

5.4.1 On-Site Containment Area 
The On-Site Containment Area is a rectangular shaped area, approximately 250 feet 
north to south and 450 feet west to east, located in the northern third of the fenced ACS 
facility (Figure 1-2). Historical information and subsurface investigations during the RI 
indicate that drums are buried beneath at least a portion of this area. The buried 
drums are found in an area approximately 50 feet by 50 feet in the northwestern portion 
of the On-Site Containment Area, and appeared to be stacked three high in the test pit 
excavations. Their exact location is shown in Figure 1-2. It is possible that the drums 
represent a major source of potential contaminants in this area, although the soil 
sample analyses indicate several areas of soil contamination throughout the On-Site 
Containment Area. 

A total of 44 Phase I and II soil boring and test pits samples were collected and 
analyzed from the On-Site Containment Area. Phase I samples were analyzed for TCL 
organics and TAL metals. The results of the analyses were used to identify specific 
locations and analytical parameters for focused sampling in Phase II and the STI. As a 
result, all 44 samples were analyzed for VOCs, 32 samples were also evaluated for 

pesticides/PCBs and 14 were evaluated for semi-volatile organics. Fifteen auger probes 
were also conducted in the area. A description of the sampling sequence and the 
rationale for the collection of individual samples and selected analytical parameters is 
provided in Section 3.4.1. 

-

-
-
-
-
-
-

-. 
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With the exception of a few localized areas in the western half of the On-Site 
Containment Area, most of the contaminants are non-PCB containing organic waste. 
The potential volume of soil with with greater than 1 ppm of VOC contamination in the 
On-Site Containment, is approximately 15,000 yd3. 

5.4. 1.1 Orcanic Wastes. The approximate extent of organic wastes (greater than 1 ppm 
VOCs) in the On-Site Containment Area is shown in Figures 5-6a through 5-6f. 
Generally the zones of contaminated waste/soils are segregated between the western 
and eastern halves of the Containment Area. 

Contamination in the western half extends from approximately 2 to 19 feet below 
surface and encompasses a total of approximately 5200 yd3 of waste/soils. However, 
concentrations are highest near the surface (1 to 4 feet) and decrease with depth. The 
water table is located about 4 feet below ground surface. 

Contamination in the eastern half on the Containment Area extends over a relatively 
larger horizontal area from approximately 4 to 19 feet below surface, encompassing 
nearly 10,000 yd3 of material. Concentrations gradually increase with depth reaching 
maximum levels in the 9 to 14 foot depth interval, and subsequently dropping in the 
next depth interval. 

The following describes total VOC extent at each depth interval in the On-Site 
Containment. 

Figure 5-6a shows the approximate horizontal extent of total VOC contamination ( > 1 
ppm) at 1 to 4 feet below surface. The primary area of impacted soils and wastes at this 
depth occur in the western half of the On-Site Containment Area. Potentially 1100 yd3 
of soils have VOC concentrations above 1 ppm. 

Figure 5-6b shows horizontal VOC extent at the 4 to 7 foot depth interval. Impacted 
wastes and soils at this depth are also primarily in the western half on the On-Site 
Containment Area, although a smaller zone of contamination can be seen in the 
northeastern corner of the eastern half. Approximately 400 yd3 of > 1 ppm wastes are 
located in the western portion, and 150 yd3 in the eastern portion. 
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Figure 5-6c shows horizontal VOC extent at the 7 to 9 foot depth interval. VOC 

-

impacted wastes and soils at this depth interval of the On-Site Containment Area occur -
again in the central portion of the western half of this disposal area, and a relatively 
large portion of the eastern half. Greater than 1 ppm waste/soils volumes located in 
these areas amount to approximately 820 yd3 in the western half and 2000 yd3 in the 
eastern half. 

Figure 5-6d shows horizontal VOC extent at the 9 to 14 foot depth interval. VOC 
impacted wastes and soils occur in approximately the same relative locations as the 
previous depth (7-9ft). However, the contaminated area in the. western half appears to 
be shifted slightly toward the south, and the horizontal extent in the eastern half is 
somewhat smaller. Calculated waste/soil volumes associated with these areas are 
higher due to the greater depth interval (5 ft). Approximately 1400 yd3 of 
contaminated soils and wastes are potentially located in the western portion, while 4000 
yd3 may be contained in the eastern half. 

Figure 5-6e shows the approximate VOC extent at the 14 to 19 foot depth interval. 
Generally, the primary impacts are in the eastern half extending to some extent to the 
western half of the On-Site Containment Area. Total potential volume of the impacted 
wastes and soils at this depth interval is approximately 5000 yd3. 

All nine organic compound groups were detected in the On-Site Containment Area. 
Generally the highest concentrations were detected in samples from test pit TP02, 
which showed buried drums, see Table 5-2 for contaminant concentrations from liquid 
sampled from leaking drums. Concentration ranges for the organic compound groups 
(with the exception of PCBs, discussed below) in the remaining subsurface soil samples 
are as follows: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PAHs 
Phenols 

11 ug/kg to 3,002,000 ug/kg 
2 ug/kg to 10,790 ug/kg 
2 ug/kg to 1,110,000 ug/kg 
1 ug/kg to 11,000 ug/kg 
4 ug/kg to 7,400 ug/kg 
39 ugfkg to 15,086 ug/kg 
50 ug/kg to 121,338 ug/kg 
93 ug/kg to 2270 ug/kg 

-
-
-
-
-
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5.4. 1.2 PCB Containing Wastes. PCB contaminated wastes were detected only in the 
western half of the On-Site Containment Area, and were relatively localized 
horizontally. Potentially 800 yd3 of soil with total PCBs in excess of 1 ppm exist in the 
central portion of the western half of the On-Site Containment Area. These wastes 
extend from approximately 1 to 6 feet below surface. However, of the PCB 
contaminated waste/soils in this area, only 50 yd3 located between 1 to 3 feet below 
the surface is in excess of 50 ppm. Another small area (approximately 180 yd3) of 
PCBs in excess of 1 ppm but less than 50 ppm potentially exists at the 12 to 17 foot 
depth interval. Following is a discussion of total PCB extent a each depth interval in 
the On-Site Containment Area. Of the affected soil in this portion of the Site, only 
about 50 yd3 contain PCBs in excess of 50 ppm. 

Figure 5-7 a shows the approximate horizontal extent of PCB containing wastes ( < 1 
ppm) in the 1 to 3 foot depth interval. Approximately 300 yd3 of potential PCB 
contaminated wastes/soils occur in the central portion of the western half of the On
Site Containment Area. 

Figure 5-7b shows the horizontal extent of PCB containing wastes at the 3 to 6 foot 
depth interval. As with the 1 to 3 foot depth interval, PCB contaminated wastes/soils 
appear to be localized in the central portion of the western half of this disposal area. 
Approximately 4 70 yd3 of potentially contaminated wastes/soils with PCBs greater 
than 1 ppm are associated with this area. 

Figures 5-7c and 5-7d show PCB contamination at the 6 to 8 foot depth interval and 8 
to 12 foot depth interval respectively. Total PCB concentrations in excess of 1 ppm 
were not detected at this depth in the On-Site Containment Area. 

Figure 5-7e shows PCB contamination at the 12 to 17 foot depth interval. A localized 
area of total PCB concentrations in excess of 1 ppm occurs in the western half of the 
On-Site Containments Area. Approximate volume of this area is 180 yd3. 
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Figure 5-7f shows PCB contamination at the 17 to 20 foot depth interval, PCB 
concentrations in excess of 1 ppm were not detected at this depth in the On-Site 
Containment. 

Total PCB concentrations in the On-Site Containment Area Samples ranged from 130 
ug/kg to 26,000 ug/kg. 

5.4.1.3 Inor~anic Wastes 
Elevated metals in the On-Site Containment appear to be limited to near surface soils 
in the western half of the area. Figure 5-8a shows the approximate extent of lead 
concentrations in excess of 500 ppm in the 1 to 4 foot depth interval. A localized area 
of elevated lead concentrations is apparent in the western half of the On-Site 
Containment Area. Volume of the potentially lead contaminated waste/soils in this 
area is approximately 100 yd3. 

Figures 5-8b through 5-8d show lead concentrations for the total depth intervals from 
4 to 15 feet below ground surface. Lead concentrations in excess of 500 ppm were not 
detected at these depths in the On-Site Containment. 

5.4.2 Still Bottoms/Treatment La~oon Area 
The Still Bottoms Area is an oval area approximately 100 feet in diameter in the 
central portion of the fenced ACS facility. Formerly, the Still Bottoms Area was a 
bermed, above ground lagoon used to temporarily store still-bottoms material prior to 
off-site disposal. The Treatment Lagoon Area is an oval area approximately 200 feet 
by 100 feet located between the ACS Firepond and the Still Bottoms Area. Both areas 
were subsequently filled in the 1970s, evidence of buried drums was noted in both 
areas (see Sections 3.4.2 and 3.4.3) 

Twenty-two soil boring samples and five test pit samples were collected in the area of 
the Still Bottoms and Treatment Lagoon. In addition two auger probes were 
conducted in the Still Bottoms Area, and seven auger probes were conducted in the 
Treatment Lagoon Area. See Sections 3.4.2 and 3.4.3 for sampling rationale and field 
observations. 

-
-
-
-
-

-

-
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As with the On-Site Containment Area most of the contaminants detected in the Still 
Bottoms/Treatment Lagoon are non-PCB containing organics. Localized areas of 
PCB containing wastes were detected in the Still Bottoms and some metals were 
detected in both areas. 

5.4.2.1 Organic Wastes 

Organic wastes in the Still Bottoms/Treatment Lagoon Area extend vertically from 
approximately 3 to 23 feet below surface. Horizontal extent essentially includes both 
the Still Bottoms and the Treatment Lagoon. Total volume of potentially 
contaminated waste/soils in these two areas is approximately 22,000 yd3. 

Figure 5-6a shows the approximate horizontal extent of total VOC contamination ( > 1 
ppm} at 1 to 4 feet below surface. The primary area of impacted soils and wastes/soils 
at this depth occur in the northern half of the Still Bottoms Area extending into the 
Treatment Lagoon. Approximately 3200 yd3 of > 1 ppm wastes are potentially 
contaminated within this area. 

Figure 5-6b shows horizontal VOC extent at the 4 to 7 foot depth interval. Impacted 
wastes and soils at this depth shift toward the south in the Still Bottoms Area 
extending into the Treatment Lagoon. Approximately 2600 yd3 of > 1 ppm wastes are 
associated with this area. 

Figure 5-6c shows horizontal VOC extent at the 7 to 9 foot depth interval. VOC 
impacted wastes and soils at this depth interval occur in approximately the same 
relative area as the previous depth ( 4 to 7 feet). Waste/soil volume with > 1 ppm 
VOCs in this area amounts to approximately 3900 yd3. 

Figure 5-6d shows horizontal VOC extent at the 9 to 14 foot depth interval. VOC 
impacted wastes and soils cover the greatest horizontal extent in this depth interval. 
Calculated waste/soil volume with > 1 ppm of VOCs with this depth interval is 
approximately 5,900 yd3. 
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Figure 5-6e shows approximate VOC extent at the 14 to 19 foot depth interval. While 
the primary impacts to soils occur in the Treatment Lagoon, some contamination may 
extend toward the Still Bottoms Area. Total potential volume of the > 1 ppm wastes 
and soils in the Treatment Lagoon Area at this depth interval is approximately 2800 
yd3. 

Figure 5-6f shows total VOC extent in the 19 to 24 foot depth interval. This figure 
indicates some contamination in the Still Bottoms Area down to this depth. 
Approximate volume of contaminated soils in excess of 1 ppm total VOC 
concentration is 4000 yd3. 

As with the On-Site Containment Area all nine organic compound groups were 
detected in the Still Bottoms and Treatment Lagoon Areas, and for the most part, 
highest concentrations were detected in samples from test pits which encountered 
buried drums. Concentration ranges for the organic compound groups (with the 
exception of PCBs, discussed below) in subsurface soil samples including test pits are 

as follows: 

BEXT-
Chlorinated Benzenes -
Chlorinated Ethenes -
Chlorinated Ethanes -
Ketones-
Phthalates -
PARs-
Phenols-

5.4.2.2 PCB Containing Wastes 

66 - 34,670,000 ug/kg 
45 - 62,500 ug/kg 
31 - 2,000,000 ug{kg 
8 - 21,000,000 ug/kg 
55-4,100,00 ugjkg 
456 - 4,694,000 ug{kg 
351 - 1,057,900 ug/kg 
429 - 194,00 ug/.ICg 

PCBs were not detected in samples from the Treatment Lagoon Area. For the most 

part PCBs were detected in the southern half of the Still Bottoms Area in a relatively 
localized area from 3 to 12 feet below surface, and in the northern half in the 6 to 8 foot 
interval only. Total volume of potential PCB contaminated waste/soils in these areas is 
approximately 1000 yd3, however, only an estimated 35 yd3 contain PCBs in excess of 
50 ppm. 

PCBs were not detected in the Treatment Lagoon Area. Total PCB concentrations in 
excess of 50 ppm were detected in the Still Bottoms Areas only, at 6 to 8 feet below 
ground surface (Figure 5-7c). Approximately 35 yd3 is represented by this area. PCB 

contaminated wastes/soils in excess of 1 ppm were detected in the Still Bottoms Area at 
the following volumes and depth intervals: 

-
-
-
.. 
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400 yd3 along the southern half, and 150 yd3 in the central portion at 6 to 8 
feet (Figure 5-7c). 

200 yd3 in the central portion at 8 to 12 feet deep (Figure 5-7 d). 

75 yd3 in the central portion slightly above 1 ppm in concentration at 17 to 20 
feet below surface (Figure 5-7f). 

Total PCB concentrations in the Still Bottoms Area Samples ranged from 330 ug/kg to 
74,000 ug/kg. 

5.4.2.3 Inor2anic Wastes 
Lead was detected in both the Still Bottoms and the Treatment Lagoon. 
Concentrations in excess of 500 ppm, however, were limited to the shallow soils (1 to 4 
feet) of the Still Bottoms, and soils from 1 to 4 feet and approximately 7 to 14 feet in 
the Treatment Lagoon. Total volume of potential metal contaminated waste/soils in 
the Still Bottoms/Treatment Lagoon is approximately 550 yd3. 

Figure 5-8a shows the approximate extent of lead concentrations in excess of 500 ppm 
in the 1 to 4 foot depth interval. Approximately 150 yd3 of potential metal 
contaminated wastes/soils occur in the Still Bottoms Area. 

Figure 5-8b shows lead concentrations for the depth interval from 4 to 7 feet below 
ground surface. Lead concentrations in excess of 500 ppm were not detected at this 
depth. 

Figures 5-8c and 5-8d show lead concentrations at the 7 to 10 feet, and 10 to 15 foot 
depth interval respectively to be in excess of 500 ppm in the Treatment Lagoon Area. 
Approximate volume of metal contaminated wastes/soils in the 7 to 10 foot interval is 
200 yd3 and in the 10 to 15 foot interval is 200 yd3. 

Chromium and lead were the primary constituents detected in the Still Bottoms and 
Treatment Lagoon areas. Total chromium ranged from 8.7-1410 mg/kg, and lead 
ranged from 21.9-6300 mg/kg. Antimony, cadmium, copper, magnesium, mercury, 
selenium, and zinc were also detected. 
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An area of contaminated subsurface soils was discovered west of the existing ACS Fire 
Pond during the Rl. Review of the 1970 aerial photograph indicated this area may 
have been a former drainage ditch which has since been filled. One soil boring, SB20, 
was conducted in this area, and a sample of the contaminated soil collected. 

Concentrations of the organic compound groups for this location were similar to those 
east of the Fire Pond, with all nine compound groups being detected. Based on the 
laboratory results for SB20, and the observations and HNu readings from nine 
subsurface auger probes, the extent of total VOC, total PCB contamination in this area 
was estimated. Metals concentrations were not elevated in this area. 

Figure 5-6c (7 to 9 foot depth interval) shows the approximate horizontal extent of total 
VOCs in excess of 1 ppm. The volume of this area is approximately 3400 yd3. Figure 5-
7c (6 to 8 foot depth interval) shows the approximate extent of PCB contaminated 
waste/soils, the volume of the soils with PCBs in excess of 1 ppm in this area is 
calculated to be approximately 300 yd3. Approximately 50 yd3 may have PCBs in 
excess of 50 ppm. 

5.4.4 Former Incinerator Area 
The former incinerator area is a square 50 by 50 foot area located along the eastern 
portion of the fenced ACS facility. Total indicator contaminant concentrations in 
surface soils (SA03) from the former incinerator location were considerably less than in 
the waste disposal areas of the fenced ACS facility. 

Total VOC concentration in SA03 was 980 ug/kg, with BETX as the only VOC group 
detected. Total PAHs were detected at 50 ug/kg, and total phthalates at 2600 ug/kg. • 
The remaining organic compound groups, including PCBs, were not detected in SA03. 
TAL metal concentrations were not elevated at this location, lead concentration in 
SA03 was 25 mg/kg. 

-
-
-
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The Off-Site Containment Area is located south of the fenced ACS facility. It is an 
approximately 300 by 400 foot area formerly used by ACS as a disposal area for drums 
of waste materials and still-bottom sludges. The area has since been covered with soil, 
although, a surficial oily waste seep was observed, during the Rl, near the southwest 
corner. The Kapica/Pazmey Drum Area is also located in the Off-Site Containment 
Area at the far southern comer, however, Kapica/Pazmey will be discussed in Section 
5.4.6. 

Forty-three soil boring samples were collected in the Off-Site Containment Area. One 
waste sample, WSOl, was collected from the surficial waste seep. Forty subsurface 
auger probes were also conducted in the Off-Site Containment Area. Refer to Section 
3.4.5 for field observations and sampling rationale. 

With the exclusion of the Kapica/Pazmey Area, two general zones of waste and 
contaminated soils exist in the Off-Site Containment Area; one in the northern portion 
where drums and wastes were buried by ACS, and the second in the southern portion 
west of the Kapica building. 

With the exception of the surficial waste seep area, wastes in the Off-Site Containment 
are subsurface. The greatest volume of wastes are non-PCB organics, however, PCBs 
and metals were detected primarily in one localized area at depth in the northern 
portion, and at a number of small areas in the southern portion. 

Soil borings and auger probes conducted in the northern portion of the Off-Site 
Containment Area generally encountered buried wastes at approximately eight feet 
deep (see Section 3.4.5). Therefore, with the exception of SB04-5' and SB42-5.5', 
samples collected in this portion of the Site were from 10 feet or more below the 
surface. The auger probes performed in this area suggest overlap of, or close proximity 
between, the waste disposed of at the Griffith Landfill, and waste buried in the Off-Site 
Containment Area. See Appendix G for summaries of the auger probes performed. 
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Figure 5-9c shows total VOCs greater than 1 ppm in the 7 to 9 foot interval; however, 
since samples were not collected in the northern portion at this depth, this Figure may 
not accurately depict the actual extent of VOCs in this area. The estimated total 
volume of soils with VOCs > 1 ppm in the Off-Site Containment is 46,000 yd3; however, 
there might be an additional 5,000 yd3 contained in the 7 to 9 foot depth interval. 

5.4.5.1 Or~anic Wastes 
The approximate extent of organic wastes (greater than 1 ppm VOCs) in the Off-Site 
Containment Area is shown in Figures 5-9a through 5-9g. Actual concentrations are 
posted on these figures, as well. The 1 ppm isoconcentration contours are estimated 
from these concentrations, as well as auger probe observations and field notes. The 
organic wastes detected in the Off-Site Containment Area are primarily distributed 
along the southern portion, between the Kapica buildings and surficial waste seep, and 
in the northern half associated with the buried drums and ACS wastes. Total volume 
> 1 ppm in the southern area (not including Kapica) is approximately 5200 yd3 and 
extends vertically from surface in the seep area to approximately 14 feet deep, west of 
the Kapica building. Total volume in the buried drum area (north) is approximately 
41,000 yd3, extending primarily 9 to 25 feet below surface. The highest concentrations 
are in the 9 to 14 foot interval, decreasing substantially with depth. Since little 
analytical data was collected in the interval 0 to 9 feet, available data has been 
extrapolated over this interval, based on visual observations and HNu readings. 

Figure 5-9a shows the approximate horizontal extent of total VOC contamination in 
excess of 1 ppm at 0 to 4 feet below surface. Approximately 600 yd3 of potentially 
contaminated waste/soils are present in the surficial waste seep area in the southwest 
corner of the Off-Site Containment Area. 

Figure 5-9b shows total VOC extent in the 4 to 7 foot depth interval. Two areas of 
contaminated waste/soils are show in this figure; approximately 470 yd3 in the central 
portion of the Off-Site Containment; and 230 yd3 directly west of the Kapica/Pazmey 
Area. 

-
-
-

-
-
-
-
-
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The 7 to 9 foot depth interval is shown in Figure 5-9c. A relatively large area of VOC 
contaminated waste/soils is shown northwest of the Kapica Pazmey Area extending 
toward the surficial waste seep area.· Approximate volume of this area is 1600 yd3. 

Figure 5-9d shows VOC contamination at the 9 to 14 foot depth interval. Three areas 
of contaminated waste/soils are shown in this figure; an area directly west of the 
Kapica/Pazmey Area, amounting to approximately 1800 yd3; an area directly east of 
the surficial waste seep area, approximately 1000 yd3; and a relatively large area 
encompassing most of the north-central Off-Site Containment, approximate volume 
associated with this area is 15,000 yd3. 

Figures 5-9e and 5-9f, both show a large area of VOC contamination in the north
central Off-Site Containment, at the 14 to 19 foot and 19 to 24 foot intervals 
respectively. Affected waste/soil volumes amount to approximately 12,000 yd3 within 
each interval, although concentrations in the lower (19 to 24 foot) interval are one to 
two orders of magnitude less. 

Figure 5-9g shows VOC concentration at the 24 to 26 foot interval on top of the 
confining clay layer. Approximately 1500 yd3 of soils at VOC concentrations greater 
than 1 ppm are within this interval. 

The following concentration ranges of each organic contaminant group (with the 
exception of PCBs discussed below) were detected in the Off-Site Containment area 
samples: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PAHs 
Phenols 

17-254,500,000 ug/kg 
3 - 1,000,000 ug/kg 
44 - 65,000,000 ug/kg 
8 - 151,330,000 ug/kg 
52- 197,600,000 ug/kg 
54- 19,136,000 ug/kg 
273-3,487,700 ug/kg 
180 - 1,054,000 ug/kg 
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PCB concentrations in the soil and wastes in the Off-Site Containment Area are, for the 
most part, found at concentrations of less than 50 ppm. These levels of PCBs occur in 
scattered, localized areas at various depth between the Kapica building and the surficial 
waste seep, and primarily between 8 and 17 ft in the north central portion of the buried 
drum area. Approximate volume of soil/wastes potentially contaminated > 1 ppm in 
the southern portion is 1250 yd3 of which approximately 325 yd3 may have 
concentrations greater than 50 ppm. Contaminated soils associated with the north 
central portion are approximately 4,000 yd3; here, 1180 yd3 may have PCB levels 
greater than 50 ppm. 

Figure 5-10a shows the approximate extent of PCB contaminated waste/soils ( > 1 
ppm) in the 0 to 3 foot depth interval. Two localized areas of PCB contamination are 
shown in the Off-Site Containment at this depth. Approximately 300 yd3 of potentially 
contaminated soils occur in the surficial waste seep area, and approximately 100 yd3 
occur midway between the seep area and Kapica/Pazmey. Only soils in the surficial 
seep area appear to have PCBs in excess of 50 ppm. The volume of the affected soil is 
estimated to be approximately 200 yd3. 

Figures 5-lOb (3 to 6 feet), 5-10c (6 to 8 feet) and 5-lOd (8 to 12 feet) show relatively 
small, localized areas northwest of Kapica/Pazmey containing PCB levels greater than 
lppm. 

Figure 5-lOb (3 to 6 feet). Approximately 75 yd3 of soils contain PCBs in 
excess of 50 ppm, northwest ofKapica/Pazmey, and 100 yd3 contain PCBs in 
excess of 1 ppm southeast of the su.rlicial seep area. 

Figure 5-lOc (6 to 8 feet). AJ?proximately 50 yd3 of soils with PCBs greater 
than 50 ppm, east of the surfietal seep area, and approximately 70 yd:; greater 
than 1 ppm, northwest of Kapica/Pazmey. 

Figure 5-lOd (8 to 12 feet). Approximately 200 yd3, east of the surficial seep 
area, and 200 yd3 west of Kapica/Pazmey. 

-

-

-

-

-
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Two areas of potential PCB contaminated waste/soils also are shown on Figure 5-10d 
(8 to 12 feet) in the north-central Off-Site Containment Area. The larger area is 
approximately 900 yd3, the smaller is approximately 300 yd3. Only the larger area 
contains soils with PCBs concentrations in excess of 50 ppm. 

Figure 5-1 Oe also shows PCB concentrations greater than 1 ppm in the north-central 
Off-Site Containment at a depth interval of 12 to 17 feet. Approximate volume of soils 
with PCBs concentrations greater than 50 ppm is approximately 780 yd3. 

Figures 5-10f and 5-10g, both show some PCBs at depth in the Off-Site Containment, 
however, concentrations are relatively low and the extent of affected area is relatively 
small. 

Actual total PCB concentrations in the Off-Site Containment Area samples ranged 
from 96 ug/kg to 1,400,000 ug/kg. 

5.4.5.3 Inorganic Wastes 
The distribution of wastes/soils in the Off-Site Containment potentially contaminated 
with metals is similar to the PCB wastes, but to a lessor extent. Total volume associated 
with the southern portion of this area is approximately 300 yd3. Approximately 650 yd3 
of waste/ soils potentially impacted by metals exists in the north central buried drum 
area. 

Figure 5-llc shows extent of soil with lead concentrations in excess of 500 ppm at the 7 
to 10 foot depth interval. One area of potential contamination in the Off-Site 
Containment is shown in this figure; 300 yd3 directly west of Kapica/Pazmey. 

Figures 5-11d (10 to 15 feet) shows approximately 650 yd3 of soils with lead 
concentrations greater than 500 ppm in the north-central portion of the Off-Site 
Containment Area. 

5.4.6 Kapica-Pazmey Area 
The Kapica Drum recycling area is located in the far southeastern corner of the Off
Site Containment Area. The Kapica Area was used to recycle and clean drums for the 
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ACS facility. Observations in this area and results of the RI indicate that much of the 
waste was apparently disposed of directly on the ground surface. 

Two soil area samples (SA01 and SA02) were collected immediately north and west of 
the Kapica buildings to address near surface soil contamination. A total of seventeen 

soil borings, one test pit and 15 auger probes were also conducted in the Kapica Area. 
Field observations, and rationale for selection of sampling locations and analytical 

parameters are described in Section 3.4.5. 

5.4.6.1 Organic Wastes 
The approximate extent of organic contamination (greater than 1 ppm total VOCs) in 
the Kapica/Pazmey area is shown in Figure 5-9a and 5-9b. Generally, the zone of 
contaminated soils extent from surface to 7 feet deep in an area north and west of the 
Kapica building. 

A total of approximately 7200 yct3 of contaminated soils are present in the 
Kapica/Pazmey Area, 4800 yd3 are present in the 0 to 4ft depth interval (Figure 5-9a) 
and 2400 yd3 in the 4 to 7 ft depth interval. 

All nine organic contaminant groups are present in the Kapica/Pazmey Area. 

Concentration ranges of each organic contaminant group with the exception of PCBs 

were as follows: 

BEXT 

Chlorinated Benzenes 

Chlorinated Ethenes 

Chlorinated Ethanes 

Ketones 

Phthalates 

PAHs 
Phenols 

5.4.6.2 PCB Containing Wastes 

1 - 46,300,000 ug/kg 

18-27,000 ug/kg 

2 - 960,000 ug/kg 

5 - 1350 ug/kg 
2 - 367,000 ug/kg 
177- 698,100 ug/kg 

54 - 157,300 ug/kg 
280 - 34,300 ug/kg 

Soils containing PCBs at levels in excess of 1 ppm potentially extend from 0 to 6 feet 

below surface, in an area primarily north of the Kapica building. Figures 5-lOa and 5-

lOb show the approximate extent of PCBs at the 0 to 3ft and 3 to 6ft depth intervals. 

-
-
-

-
-
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The volume of soils with PCB concentrations in excess of 1 ppm in the Kapica/Pazmey 
Area is approximately 2300 yd3; 1300 yd3 are located at the 0 to 3 ft depth, where 
approximately 300 yd3 may contain greater than 50 ppm. Approximately 1000 yd3 is 
located at the 3 to 6 ft depth. Actual PCB concentrations in the Kapica area, ranged 
from 4,200 mg/kg to 280,000 mg/kg. 

5.4.6.3 Inor~anic Wastes 
The approximate extent of total lead concentrations in excess of 500 ppm in the 
Kapica/Pazmey area are shown in Figures 5-lla and 5-llb. Metals contaminated soils 
in the Kapica area are primarily in the 0 to 4 ft depth interval (700 yd3) in an area west 
and north of the Kapica building. A smaller area (200 yd3) of contaminated soils are 
present at the 4 to 7 ft depth interval north of the Kapica building. Total volume of 
metals contaminated soils in the Kapica/Pazmey area is approximately 900 yd3. (Note: 
Volume is sensitive to actual thickness of metal-containing waste.) 

5.5 GROUNDWATER 
Twenty-four groundwater monitoring wells (MWOl through MW24) were installed 
during the Site RI (Figure 2-3). Eight of the 24 monitoring wells (MW07, MW08, 
MW09, MW10, MW21, MW22, MW23 and MW24) are screened in the lower aquifer. 
The remaining 16 wells are water table wells. 

An additional monitoring well (MWlOC) was installed into the lower aquifer, however, 
gas venting through this well prevented normal sampling. This well was replaced with 
MW10. Subsequent sampling of MW10C for VOC analysis only was conducted on 
July 25, 1990. Results of this analysis are described below. 

Two rounds of samples were collected from each of the Phase I and Phase II 
monitoring wells with the exception of MWOl, destroyed after the first sampling round. 
Samples were analyzed for TC~ T~ and water quality indicator parameters. One 
round of samples was collected from the Phase m monitoring wells, and five existing 
perimeter monitoring wells, and analyzed for VOCs only (See Section 2.6.3). 
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In addition to the monitoring well samples, one round of private well samples was 
collected. Private well samples were analyzed for the same parameters as the 
monitoring wells during Phase II, except samples were not filtered for metals analysis, 
and low detection limit TCL and TAL methods were used as approved by U.S. EPA 
Region V Quality Assurance Section. The two private wells sampled during Phase III 
were analyzed for VOCs only. 

In addition to groundwater sampling of water table wells, five aquifer matrix samples 
(AMl through AM5) were collected from the saturated zone in the upper aquifer 
(Figure 2-3). The methods used to collect the aquifer matrix samples are described in 
Section 2. The objective of collecting the aquifer matrix samples was to determine 
chemical concentrations in the total sand/groundwater matrix in the contaminated 
groundwater plume. Results of TAL and TCL analyses of aquifer matrix samples are 
included with the soil borings data in Appendices Q-6 and R-6. 

Summaries of the laboratory results for the chemical analyses of monitoring well and 
private well samples are contained in Appendices Q-8 and Q-9, and tabulated in 
Appendices R-8 and R-9. 

The following discussion encompasses the organic and inorganic character of the 
groundwater in the upper and lower-aquifers, and a comparison with the potential 
contaminant source areas. As previously described, two rounds of samples were 
collected from each Phase I and Phase II monitoring well (with the exception of MWOl 
and MWlOC); for purposes of this discussion, the higher concentration of the two 
rounds is reported with the sampling round noted. One round of samples was collected 
from the Phase III wells. 

Section 3.6 of this Report describes the installation of monitoring wells and rationale 
for selected locations. Monitoring well MW18 was installed after the Round 1 results 
from MW17 indicated detectable levels ofTCL parameters east of Colfax Avenue. The 
contaminants detected at MW17 may originate from sources other than the Site ( eg. 
commercial establishments along Reder Road or Colfax Avenue), therefore, MW18 
was installed to assess whether or not a plume extends from the Site toward the east. 
Analytical results for the sample from MW18, do not indicate that such a plume exists 

-
-
-
-
-
-

-
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as detectable levels of TCL constituents were not present at this location. Monitoring 
wells MW-19 and MW-20 were installed to further document the edge of the plume in 

the southeastern portion of the Site. 

5.5.1 Upper Aquifer 
The occurrence, concentration and distribution of contaminants in the upper aquifer 
reflects the groundwater flow paths described in Section 4. As groundwater flows from 
the Fire Pond toward the Griffith Municipal Landfill dewatering pit, some of the 

relatively soluble and therefore more mobile organic constituents associated with 
source areas described in Section 5.4, are detected downgradient. A discussion of the 

fate and migration of specific contaminants is presented in Section 6. 

5.5.1.1 Organics. As with the buried wastes, the BETX group of organic compounds 
was widely distributed and was present at the highest concentration relative to other 

contaminants detected in the upper aquifer monitoring well samples. Figure 5-12 shows 
that the distribution of BETX contamination in the upper aquifer well samples and 

aquifer matrix samples occurs in essentially two contaminant plumes. The northern 

plume is attributed to disposal in the Still Bottoms area and Treatment Lagoon # 1, 
while the southern plume is attributed to wastes disposed of in the Off-Site 

Containment Area. The highest total BETX concentrations were detected at MW03 
(106,000 ug/L - Round 2). This well is located downgradient of the On-Site 

Containment Area under steady state groundwater flow conditions as were present 

during the second sampling round conducted in May 1990. Benzene at a concentration 
of only 1 ug/L was the only BETX detect in this well during Round 1. The low BETX 
concentrations detected in this well during Round 1 sampling (August 1989) may be 

indicative of changing flow conditions between sampling rounds. Elevated total BETX 
concentrations were also detected: 

downgradient of the Still Bottoms/Treatment Lagoon Area, MW04 (640 ug/L
Round 2) and MW05 (3,321 ug/L- Round 1); and 

downgradient of the Off-Site Containment Area, MW06 (1,800 ug/L -
Round 2) and MW16 (2, 160 ug/L - Round 2). 
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Benzene, for the most part, was the predominant constituent compound detected with 
the BETX grouping. The exception was MW17 (127 ug/L- Round 1), where ethyl 
benzene and xylenes were the only BETX constituent compounds detected. 

Chlorinated ethanes were as widespread in the upper aquifer samples as the BETX 
group, however, overall concentrations were generally lower, with the plume centered 
downgradient of the Off-Site Containment Area (Figure 5-13). In 17 of the 22 samples 
in which chlorinated ethanes were detected, chloroethane was the sole constituent 
compound. In contrast to the BETX compounds, chloroethane was not widely detected 
in the waste soil samples collected during the RI. However, heavier chlorinated 
ethanes (i.e., trichlorethanes, dichloroethanes, etc.), and chlorinated ethenes 
(tetrachloroethene, trichloroethene, etc.) were commonly detected in the wastes. Both 
the chlorinated ethanes and ethenes have the potential to degrade to chloroethane (see 

Section 6). 

The highest concentrations of chlorinated ethanes were detected at MW16 ( 4,000 ug/L 
- Round 2); at this location the predominant constituent compound was 1,1-
dichloroethane (2,400 ug/L, with chloroethane at 1,600 ug/L). MW16 is located 
immediately downgradient of the Still Bottoms and Off-Site Containment Area, both 
contained elevated concentrations of the heavier chlorinated ethanes. Results of Phase 
III sampling indicate that MW19 and MW20 are very near the southeastern edge of the 
plume, as illustrated in Figure 5-13. 

The remaining organic contaminant groupings were considerably less widespread than 

the BETX and chlorinated ethanes and, with exception of the ketones, were at 
considerably lower concentrations. 

Total chlorinated ethenes were detected at four upper aquifer wells, MW02 (3 ug/L -
Round 2), MW12 (1 ug/L - Round 2), MW16 ( 400 ug/L - Round 2) and MW17 (375 

ug/L - Round 1). Total-1,2-dichloroethenes were the most frequently detected 
chlorinated ethene, occurring in all four wells. Tetrachloroethene and trichloroethene 
were also detected in MW17. The source of these contaminants appears to be outside 
ACS waste areas and the Griffith landfill. Vinyl chloride was detected in MW16, where 
the Round 1 concentration was 720 ug/L, and MW17 where the Round 2 concentration 

was 22 ug/L. 
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Total ketones were detected in four monitoring well samples: MW03 (2,300 ug/L
Round 2); MW04 (25 ug/L- Round 1), where acetone was the constituent compound; 
MW06 (35 ug/L- Round 1), where isophorone was the constituent compound; and 
MW16 (359,219 ug/L - Round 1), where 2-butanone (220,000 ug/L) was the 
predominant constituent, followed by acetone (84,000 ug/L), 4-methyl-2-pentanone 
(54,000 ug/L), 2-hexanone (1,200 ug/L), and isophorone (19 ug/L). 

Total phenols were detected in eight upper aquifer well samples, with the highest 

concentrations from MW16 (2,275 ug/L- Round 1), where 4-methylphenol was the 
predominant constituent compound at 2,200 ug/L, and MW03 (428 ug/L- Round 2), 
where phenol was the predominant constituent at 240 ug/L. Total phenol 
concentrations from the remaining six wells (MW04, MW05, MW06, MW14, MW15 
and MW17) ranged from 2 ug/L (MW17- Round 1) to 31 ug/L (MW14- Round 1), 

with the representative constituents being phenol and methylated phenols, with the 
exception of pentachlorophenol at MW06 (3 ug/L - Round 2) and MW17 (2 ug/L -

Round 1). 

Total phthalates were detected in six upper aquifer well samples (MW02, MW03, 

MW05, MW06, MW15 and MW17)at concentrations ranging from 2 ug/L (MW02 -

Round 1) to 52 ug/L (MW17 - Round 1). Bis (2-ethyl hexyl) phthalate was the 
predominant constituent, with the exception of MW03, where diethylphthalate was 

detected at 9 ug/L - Round 2. Low concentrations of phthalate can be attributable to 

lab or sampling contamination due to their common use as plasticizers. 

Total chlorinated benzenes were detected in five upper aquifer well samples (MW02, 

MW03, MW05, MW12 and MW17) at concentrations ranging from 2 ug/L (MW02-
Round 2) to 117 ug/L (MW05 -Round 1). Mono and dichloro benzenes were the 
constituent compounds detected. 

Total P AHs were detected in only four upper aquifer well samples (MW03, MW05, 
MW06 and MW17). Concentrations ranged from 3 ug/L (MW03 - Round 2) to 91 

ug/L (MW05 - Round 2). Naphthalene and 2-methyl naphthalene were the constituent 
compounds detected. 
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PCBs were detected in two monitoring well samples MW04 (Aroclor 1248 at 2.6 ug/L ) 
and MW17 (Aroclor 1260 at 27 ug/L). Detects at both wells occurred during Round 1 
only. PCBs were not detected in Round 2 monitoring well samples. PCBs are relatively 
insoluble in water, and are rarely detected in groundwater samples. Given the 
relatively low concentrations detected in the samples from MW04 and MW17, and the 
lack of duplication during Round 2, it is likely that the PCBs detected were either 

associated with suspended solids in the samples, or contamination resulting from 

sampling or laboratory procedures. 

A number of volatile and semivolatile compounds not included in the contaminant 

groupings were detected in the upper aquifer well samples: 

Chloromethane - detected in MW03 ( 68 ug/L - Round 2) 

Methylene chloride - was reported in a number of samples, but subsequently 
qualified during data validation as not detected, due to associated blank 
contamination. This compound is frequently detected as a lab contaminant, 
however, it was not qualified in four samples; MW02 (1 ug/L - Round 2), 
MW13 (7 ug/L - Round 1), MW04 (380 ug/L - Round 1), and MW16 (520 
ug/L- Round 2). 

Note: Methylene chloride was qualified according to US EPA Data Validation 
Guidelines, Laboratory Data Validation Functional Guidelines For Evaluating 
Organics Analyses, USEPA, February 1, 1988. Section IV(D) of this document 
states: "No positive sample results should be reported unless the concentration 
of the compound in the sample exceeds ten times the amount in any blank for 
the common contaminants listed below ... ". Since methylene chloride is one of 
the "common contaminants" listed in Section IV(D) of the Guidelines, sample 
concentrations less than ten times the associated laboratory blank were 
qualified as an estimated detection limit. 

bis(2-Chloroethyl)ether- detected in MW16 (250 ug/L- Round 1), MW03 (160 
ug/L- Round 1), MW06 (22 ug/L- Round 2), and MW02, MW04 and MW05 
at concentrations ranging from 6 ug/L to 8 ug/L (Round 1). 

bis(2-Chloroisopropyl)ether- detected in MW05 (67 ug/L- Round 2), MW12 
( 150 ug/L - Round 1 ), and MW03 (300 ug/L - Round 1 ). 

Benzoic acid- detected in MW16 at 1,900 ug/L (Round 1), and MWOS, MW06 
and MW15 at concentrations ranging from 3 ug/L to 13 ug/L (Rounds 1 
and 2). 
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5.5.1.2 Upper Aquifer - Inorganics. Groundwater samples collected during both 

sampling rounds were analyzed for common inorganic parameters (TAL metals and 
cyanide, and groundwater quality indicators). These analyses were used to assess 
geochemical trends within the aquifer in order to aid in the determination of 

groundwater flow patterns and contaminant fate and migration. The inorganic analyses 
also are used to assess potential treatment alternatives. 

Inorganic analyses results arranged by sample location are contained in Appendix Q-8. 
A tabular presentation of the data can be found in Appendix R-8. 

Calcium, magnesium, sodium, bicarbonate, chloride and sulfate are major constituents 

common to naturally occurring groundwater (see Table 5-4). Concentrations of these 
constituents in groundwater is primarily a function of the composition, hydrology, and 

chemistry of the aquifer. Therefore, a discussion of these constituents as they relate to 
groundwater flow and contaminant fate and migration are discussed in Section 6.0. 

Iron, potassium, fluoride and nitrate are typically minor constituents in naturally 
occurring groundwater (see Table 5-4). While concentrations of these constituents may 

be affected by the groundwater quality impacts of the wastes, they typically do not 

originate in the wastes. 

The remaining elements are considered trace constituents in naturally occurring 

groundwater (Table 5-4). Concentrations of these constituents may or may not be 
directly related to the wastes. Natural and contaminant related variations in pH, redox, 

competing ions, etc., in groundwater may enhance the solubility of some of these metals 
from the aquifer soils, resulting in higher concentrations not necessarily originating in 

the waste. Variations in groundwater quality and the potential effect on trace metal 

fate and migration are discussed in greater detail in Section 6.0. 

Evaluation of the trace metals and cyanide in upper aquifer groundwater samples is 

based on the higher of the two rounds of downgradient monitoring well sample results, 
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and the higher of either Round 1 or 2 results for the upgradient water table well MW11. 
However, since only one upgradient monitoring well is available, determination of a 
statistically significant change downgradient is not possible. A certain degree of 
natural, sampling and laboratory variation is expected; therefore, unless otherwise 
noted, an arbitrary factor of five times the the upgradient well concentration was 
considered significant for the purposes of describing the extent of elevated 
concentrations. Instances where an element was reported as not detected above the 
detection limit, two and one-half times the detection limit at the upgradient well was 

used. 

Ten trace metals were detected in one or more upper aquifer well samples at 
concentrations at least five times the background well (MWll). Iron and potassium 
were also detected at concentrations that may be at least partially attributable to ACS 
wastes or the Griffith Municipal Landfill, rather than aquifer geochemistry. Apparent 
elevated trace metal concentrations occurred most frequently in samples from MW03 
and MW04 adjacent to the On-Site Containment Area, and MW06 adjacent to the Off
Site Containment area: 

Arsenic - detected in samples from MWOl, MW02, MW03, MWOS, MW06, 
MW15 and MW16 at concentrations ranging from 6.9 ug/L (MW01- Round 1) 
to 43.2 ug/L (MW03 - Round 2) compared to MW11 where it was reported as 
not detected above 2.0 ug/L. Arsenic was not detected as a predominant waste 
contaminant (see Section 5.1.3). Arsenic is a common, naturally occurring 
element whose solubility is strongly redox/pH dependant (see Section 6.0). 

Barium- detected in MW03 (520 ug/L- Round 1), MW05 (790 ug/L- Round 
2), MW15 (1,130 ug/L- Round 2) and MW16 (1,840 ug/L- Round 2) 
compared to MW11, where it was reported as not detected above 200 ug/L. 
Barium was detected in waste samples in excess of the "common range" (EPA, 
1983) and is a component of the Griffith Municipal Landfill leachate; both are 
potential sources of the slightly elevated barium concentrations detected in 
these groundwater samples. 

Cadmium- detected in MW04 (3.1 ug/L- Round 1) compared to 0.320 ug/L in 
MWll. This element was detected in wastes from the On-Site Containment 
Area in excess of the EPA common range (EPA, 1983). 
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Total chromium - detected in samples from MW14 and MW16 at 2.0 ug/L 
(Round 2) and 3.9 ug/L (Round 1), respectively, compared to 0.33 ug/L in 
MW11. 

• I ron - as previously described, iron is a minor rather than trace groundwater 
constituent, however, concentrations were at least five times the MW11 
concentration (581 ug/L) in samples from MW02 (9,460 ug/L- Round 2), 
MW03 (51,800 ug/L- Round 2) and MW04 (39,000 ug/L- Round 2) MW05 
(40,000 ug/L- Round 2) and MW16 (218,000 ug/L- Round 2). As with 
arsenic, iron is not predominant in the waste samples and its solubility is highly 
dependent upon groundwater redox/pH conditions (see Section 6.0). 

Manganese- detected in samples from MW05 (3,240- Round 2), MW06 (3,990 
ug/L- Round 2), MW03 (4,050 ug/L- Round 1), MW16 (4,180 ug/L- Round 
1) and MW04 ( 4,250 ug/L- Round 1) compared to 359 ug/L at MW11. 
Manganese is a waste constituent, however, naturally occurring soil 
concentrations may vary considerably. 

Mercury - was detected in one upper aquifer monitoring sample (MW12) at a 
concentration of 1.7 ug/L (Round 2). While mercury was detected in a waste 
sample from the Site, MW12 is not immediately downgradient of the source 
areas. Mercury was not detected in the Round 1 sample from this well. 

Nickel- was detected in three samples during Round 1, only; MW04 (48 ug/L), 
MW06 (48 ug/L) and MW03 (53 ug/L), the detection limit for this element was 
40 ug/L. Nickel was not detected in Round 2 samples. 

Potassium - as with iron, potassium is considered a minor constituent of 
groundwater. Concentrations of this element tended to increase from east to 
west across the Site (1,200 ug/L to 18,000 ug/L). However, considerably higher 
concentrations of this element detected in MW15 (95,800 ug/L- Round 2) are 
indicative of leachate impacts from the Griffith Municipal Landfill. 

Selenium - detected in the Round 1 samples, only, from MW01, MW04, and 
MW06 (2.1 ug/L, 6.2 ug/L and 2.1 ug/L, respectively). 

Vanadium- detected in Round 1 samples from MW03 and MW06 at 20.2 ug/L 
and 25.9 ug/L, respectively, compared to 3.4 ug/L at MW11. 

• Zinc - detected in Round 1 samples from MW03, MW04, and MW06 at 343 
ug/L, 510 ug/L, and 886 ug/L, respectively. The zinc concentration at MWll 
was 51 ug/L. 
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5.5.2 Lower Aquifer 
Evaluation of the lower aquifer chemistry is based on the three rounds of sample results 
from MW07 through MWlO, and one round of VOC analysis at MW-21 through MW-
24. Locations of the lower aquifer monitoring wells are shown in Figure 2-3. Only one 
sample round was collected from MWlOC. This sample was analyzed for VOCs, only. 

Lower aquifer contamination relative to the upper aquifer is limited, both with respect 
to nature of compounds detected and the extent. Considerable attenuation of 
contaminant levels downgradient of the impacted area is apparent. 

5.5.2. 1 Organics. The only TCL organics detected in lower aquifer monitoring wells 
were; 

Chloroethane- detected in MW09 at 440 ug/L (Round 1), 200 ug/L (Round 2), 
and 350 ug/L (Round 3) and in MWlOC at 3 ug/L (only one round collected); 

bis(2-Chloroethyl)ether- detected in MW09 at 12 ug/L (Round 1) and 11 ug/L 
(Round 2); and 

4-Methyl-2-pentanone - detected in MW10C at 3 ug/L (only one round 
collected). 

The location of MW09 is horizontally downgradient of the highest concentrations of 
chloroethane in the upper aquifer (see Figure 5-13). The occurrence of chloroethane in 
samples from MW09 may be indicative of some contaminant migration through the 
aquitard; however, the downward migration is apparently limited, both with respect to 
contaminant type and horizontal distribution. 

Monitoring well MWlO is downgradient of the most contaminated area of the upper 
aquifer (see Figure 5-12 and 5-13) and of MW09 in the lower aquifer. Even so, samples 
collected from MWlO were free of detectable quantities of TCL organics. The same 
was true of MW10C, with the exception of chloroethane at a concentration two orders 
of magnitude less than at MW09. This would tend to indicate that: 
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The migration of the majority of upper aquifer contaminants (BETX, etc.) is 
effectively prevented by the aquitard; 

The horizontal extent or "window" of migration through the aquitard is limited 
to an area between MW09 and the Off-Site Containment or near the Griffith 
Landfill; and 

Concentrations of those contaminants that do penetrate the aquitard are 
substantially lower (at least two orders of magnitude) between MW09 and 
MWlO/MWlOC. 

Monitoring wells MW-21, MW-23, and MW-24 were installed during Phase III to 

determine the extent of lower aquifer volatile organic contamination. Results of the 

sampling of these wells indicates that the plume is confined to the Site. The estimated 

extent of lower aquifer chloroethane contamination is illustrated in Figure 5-14. 

The potential fate and migration of contaminants toward the lower aquifer is discussed 

in greater detail in Section 6.0. 

5.5.2.2 Inorganics. Expected concentrations of dissolved constituents in groundwater 
were previously discussed in sub-section 5.5.1.2. As with the upper aquifer, trace metal 
concentrations in samples from MW08, MW09, and MWlO were evaluated, based on 
the background concentrations in the up gradient well MW07. Trace metal 

concentrations greater than five times background were not detected in the lower 
aquifer wells. 

Mercury was detected in the Round 2 sample from MW10 (0.47 ug/L), slightly less than 

2.5 times the detection limit (0.2 ug/L). Mercury was not detected in the Round 1 
sample from this well, nor was it detected in the upper aquifer samples, with one 
exception MW12 (1.7 ug/L- Round 2 only). 

5.5.3 Private Wells 

Private well sampling was performed at eight locations during Phase II of the Rl, and 
two locations during Phase III. Private well locations are shown in Figure 2-7. Results 
of the laboratory analyses of private well samples are presented in Appendices Q-9 and 

R-9. Note that low detection limit methods were used for the private well samples. 
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Therefore, sample quantitation limits have been reported with the sample results. 
Values reported in the above two appendices with a "U" or "R" data validation 

designation or laboratory qualifier, are considered not detected". 

TCL volatiles, semivolatiles and pesticide/PCBs were not detected in the private well 
samples. Unknown semivolatile TICs were detected along with 2-methyl-2,4-pentadiol 
(10 ug/L as a TIC) in PW06 located north of the Site. 

Trace metals detected in private well samples included barium, cadmium, lead, and 
zinc. These elements were not elevated in the lower aquifer sample collected at the 

Site and the latter three may be attributable to the water distribution system. 
Cadmium, lead and zinc are potential solder components (CRC, 1981) and may be 
present in the residential plumbing. In addition, zinc is commonly a component of 
galvanized pipe. Barium is a naturally occurring constituent and may be present in the 
aquifer as barite (BaS04), which is a fairly common mineral (Hem, 1970). 
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6.1 Introduction 

SECI'ION 6 

CONTAMINANT FATE AND MIGRATION 

This section assesses current and potential contaminant migration from waste materials 

at the Site to groundwater, surface water/sediments and air. 

6.2 Groundwater 

Groundwater provides a primary migration pathway by which contaminant transport 

may occur. Groundwater flow at the ACS Site is described in Section 4.5 and 

contaminant distribution within the groundwater flow system is described in Section 5.5. 

This section describes the potential behavior of the identified chemical contaminants 

within the groundwater system. 

The extent of chemical migration in groundwater is dependent upon many factors 

related to the geologic matrix, the hydrochemical environment, and the physical and 

chemical properties of the contaminant itself. The effect of these factors on compounds 

may be substantially different on organic and inorganic parameters. 

6.2.1 Organic Contaminants 

The fate and migration of organic contaminants in the subsurface environment can be 

affected by a number of chemical and physical reactions including hydrolysis, oxidation, 

reduction, volatization, adsorption and biodegradation. The major reactions effecting 

chemical transport in groundwater, however, are sorption (adsorption plus absorption) 

and biodegradation (Olsen and Davis, 1990). 

Sorption. Hydrophobic compounds that dissolve in water will tend to absorb onto solid 

phases that the water comes in contact with. Since there is a large solid surface area 

available in soils, the relative mass of solute absorbed may be substantial. The amount 

of contaminant that may be absorbed by a soil is a function of soil grain size, mineral 

composition, organic content, solute composition and solid concentration. The 
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absorption capacity relationship is frequently expressed by the soil/water partitioning or 

distribution coefficient (~). Kd values for specific contaminant compounds and can be 

estimated from octanoljwater distribution coefficient (Kow)(refer to Table 6-1) and the 
organic carbon content (Karickhoff, et al., 1979; Schwarzenbach and Westall, 1981; and 

Wilson et al., 1981). Kow describes the relative affinity of a solute for an organic and 
an aqueous phase. Therefore, it is not surprising that this parameter may also be used 
to describe the relative affinity of a contaminant for soil organic matter and water. In 

general, substances with relatively high log K0 w values also have relatively high ~ 

values and are therefore absorbed to a greater extent than compounds with low Kow 
values. 

The distribution coefficient (Kd) may be applied to saturated zone contaminant 
transport as a means of estimating a contaminant's retardation factor (Rp). The 

retardation factor describes the affect of sorption in decreasing the rate of contaminant 
transport in the liquid phase relative to a conservative or nonreactive species (Rp = 1). 
For example, if Rp = 10, the contaminant chemical moves at one-tenth the velocity of 
the groundwater. 

The retardation factor is related to the distribution coefficient according to the 

following equation: 

Where: 

Rp = 1 + (Pb/n) * ~ 

Pb = aquifer bulk density (gjcm3) 
n = effective porosity (unitless) 

~ = distribution coefficient (ml/gm) 

Distribution coefficients were calculated for several representative contaminant 
compounds (Table 6-2) based on total organic carbon (TOC) concentrations for aquifer 

soils obtained during Phase II drilling and from the compound specific organic carbon 
partitioning coefficient Koc, (U.S. EPA, 1986). 
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Retardation factors were calculated based on the calculated K<J values, the aquifer 

porosity (n) and an assumed bulk density (Pb) of 1.9 gmjcm3. Values representative of 

upper and lower aquifer soils along the eastern (MW07) and western (MW09) portion 

of the Site are summarized in Table 6-2. 

Since the K<J for a compound is a function of the organic carbon content of the sorbing 

media, the absorption of organic chemicals in the aquifer and thus, transport 

retardation is strongly correlated to the organic carbon content (TOC) of the aquifer 

soils. 

Samples for TOC analysis were collected from two locations each (MW07 and MW09) 

in the upper and lower aquifers and the confining layer. TOC values were highest in 

the confining layer at both MW07 ( > 16,000 mg/kg or 1.6%) and MW09 (12,000 mg/kg 

or 1.2% ). Table 6-2 shows a wide range in the retardation factors for potential 

migration of various compounds across the confining layer. Retardation factors ranged 

from 1.26 (acetone) to 62,693 (PCBs) for the confining layer at MW07 and 1.15 

(acetone) to 36,955 (PCBs) at MW09. 

Calculated vertical seepage rates across the confining layer range from 0.24 ft/yr at 

MW07 to 0.46 ft/yr at MWlO (Table 4-7). Theoretical transport velocities for the 

upper aquifer organic contaminants can be calculated using the calculated range of 

vertical seepage rates and retardation factors, in the following relation: 

Where: 

Cy = Vs/RF 

Cy = transport velocity (ft/yr) 

Vs = vertical seepage rate (ft/yr) 

RF = retardation factor (dimensionless) 

Theoretical transport velocities across the confining layer range from 0 ft/yr (essentially 

immobile) for PCBs across the entire Site, to 0.399 ft/yr for acetone in the vicinity of 
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MW09, assuming a seepage rate of 0.46 ft/yr (Table 4-3). Therefore, assuming the 
thickness of clay beneath areas of contaminated groundwater in the upper aquifer to 

range from 6 ft to 15 ft (see Figure 4-9), potential acetone migration across the 
confining layer would take approximately 15 to 37 years. Given the capacity of the 

confining layer to attenuate the migration of organic contaminants, it is not surprising 

that substantial contamination of the lower aquifer has not occurred. 

Percent TOC in the upper aquifer soils at MW07 (1.4%) is nearly the same as in the 
confining layer. In fact, due to the higher effective porosity (0.287) in this area 
compared to the confining layer (0.257), calculated retardation factors in this area are 

slightly higher than in the confining layer. Percent TOC in the upper aquifer soils at 

MW09 (0.29%) results in considerably lower calculated retardation factors in this area 

(see Table 6-2). 

Using the horizontal seepage velocities shown in Table 4-5, theoretical contaminant 
transport velocities were calculated along the five upper aquifer groundwater flow paths 
shown in Figure 4-19. Calculated retardation factors, based on upper aquifer soils at 

MW07 were used to generate theoretical transport velocities along Flow Path #5. 
Calculations along the remaining flow paths were based on upper aquifer soils at 

MW09. 

Table 6-4 shows potential acetone migration ranging from approximately 19 ft/yr along 
Flow Path #3 to 128 ft/yr along Flow Path #2. However, acetone was not as prevalent 

in waste and groundwater samples as BETX, chlorinated ethenes and chlorinated 

ethanes. (see Section 5). 

Benzene is the most mobile of the BETX compounds (see Table 6-4). Transport 
velocities for benzene range from approximately 7 ft/yr along Flow Path #5 to 54 ft/yr 
along Flow Path #2. Based on these transport velocities, it would take approximately 

25 to 190 years for benzene to migrate one-quarter mile downgradient, assuming 
adsorption is the only attenuation mechanism. Ethylbenzene, toluene and xylene 

transport velocities are less than half those of benzene. This is likely a contributing 

factor to the higher occurrence of benzene in downgradient groundwater samples, as 
opposed to other BETX constituents. 
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1,1-Dichloroethene is the most mobile constituent of the chlorinated ethene group. 
Transport velocities for this compound range from 13 ft/yr along Flow Path #3 to 
88 ft/yr along Flow Path #2. The least mobile constituent of the group is 

tetrachloroethene. Velocities for this compound range from 1.7 ft/yr along Flow Path 

#5 to 18 ft/yr along Flow Path #2. 1,1-Dichloroethene was the most widely detected of 
the chlorinated ethenes (see Section 5.5) which is consistent with its relative mobility. 

However, the chlorinated ethenes as a group were considerably less widespread than 
either the BETXs or chloroethane, which ,may suggest other mechanisms (e.g., 
biodegradation) as the primary attenuating factor for this group. 

Chloroethane was the predominant chlorinated ethane detected in the upper aquifer. 
1, 1-Dichoroethane was also detected, but considerably less frequently (see Section 5.5). 
The calculated transport velocity for 1, 1-dichloroethane ranges from 16 ft/yr along 

Flow Path #3 to 107 ft/yr along Flow Path #2, which is more than two times those for 
chloroethane; 5 ft/yr (Flow Path #5) to 44 ft/yr (Flow Path #2). 

TOC in the lower aquifer soil was 0.31% at MW09, and 0.69% at MW07. Retardation 
factors for chloroethane and bis(2-chloroethyl)ether are calculated for both TOC values 

and are shown in Table 6-5. Since the lower aquifer detects were in the vicinity of 
MW09 only (see Section 5.5), theoretical contaminant transport velocities for the lower 
aquifer are based upon the soils at this well only. 

The calculated horizontal seepage rate in the lower aquifer is 73 ft/yr (Figure 4-21). 
Using the equation above, the theoretical transport velocity for chloroethane in the 

lower aquifer was calculated as 22.3 ft/yr compared to 57.3 ft/yr for bis(2-

chloroethyl)ether. Based on the above values, it would take approximately 60 years for 
chloroethane and 23 years for bis(2-chloroethyl)ether to migrate one-quarter mile 

downgradient. These estimated migration times assume no other attenuating 
mechanisms. 

Degradation. Biodegradation may be an important environmental fate under the 
proper conditions. A number of laboratory investigations have demonstrated that 
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microbially mediated reductive dechlorination of chlorinated alkanes and chlorinated 

alkenes takes place in environments representative of groundwater systems (Bouwer 
and McCarty 1983, 1983a, Parsons et al, 1987, 1987a). Potential transformation 
pathways of chlorinated aliphatic hydrocarbons are shown in Figure 6-1 (from Davis 

and Olsen, 1990). 

In general, the references suggest that chlorinated parent compounds, such as 

tetrachloroethene, trichloroethene and 1, 1, 1-trichloroethane, can be converted 

sequentially through loss of a chlorine atom to tri-, di-, or mono-chlorinated species by 
reductive dechlorination. This type of reaction appears to be microbially mediated. 
The reactions are favored under anaerobic or anoxic conditions. Substantial 
degradation may take place, especially if a non-halogenated carbon source is present to 
support normal bacteriological metabolism. 

Soil and groundwater samples from the waste burial areas indicate relatively high 
concentrations of chlorinated ethenes and ethanes in association with non-halogenated 

wastes (BETX, ketones, etc.) (see Section 5). 

Evidence of anaerobic or anoxic conditions may include low oxidation-reduction 

potential (pE), and a predominance of reduced nitrogen and sulfur species. 

The measurement of representative pE in groundwater samples is difficult due to 
exposure to atmospheric oxygen. Even though samples collected at the Site for pE 
measurements were analyzed immediately following collection, and exposure to air was 

minimized, dissolved oxygen (DO) levels would result in sligntly higher than actual pE 

values (Appendix K). Even so, the pE levels measured in samples from the upper 

aquifer wells located immediately downgradient of the waste areas (MW02, MW03, 
MW04, MW05, MW06 and MW16) were low, ranging from -91 mV to -25 mV, and are 
indicative of anoxic conditions in at least some portions of the upper aquifer. 
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Evidence of reductive dechlorination at the Site is apparent. Chlorinated ethenes and 
chlorinated ethanes are present with a non-halogenated carbon source (BETX, ketones, 

etc.) under anoxic conditions. While high concentrations of trichloroethene and 
trichloroethanes were detected in the waste areas, chloroethane, a probable 
degradation product (see Figure 6-1) was the predominant chlorinated constituent in 

the downgradient groundwater (see Figure 5-11 ). 

The biodegradation of BETXs has also been documented (Barker and Patrick, 1987; 

Borden et al., 1986), however these investigations show oxygen is the primary electron 
acceptor. Therefore, these compounds appear to degrade more readily under aerobic 
conditions (Bouwer and McCarty, 1981). Aerobic degradation of BETX, likely is 

significant in the vadose and at the water table. In addition periodic fluctuations in 
groundwater levels would facilitate oxygenation of the upper aquifer. Evidence of 
anoxic conditions in groundwater immediately adjacent to the Site, however, may in 

part be responsible for the predominance of BETX in the upper aquifer (see Section 
5.5). As dissolved oxygen concentrations increase further downgradient of the Site, 

natural aerobic biodegradation may be the major mechanism for BETX mass decrease. 

6.2.2 Inorganic Contaminants 
The fate and transport of inorganic species are dependent on the geological and 
chemical attenuation mechanisms acting within a specific environment. In general, 

chemical attenuation mechanisms are more important for the majority of the inorganic 
chemical species identified within the saturated zone at the Site. Therefore, biological 
attenuation mechanisms are not included within this discussion. Chemical attenuation 

of inorganic species consist of two primary mechanisms: precipitation/dissolution and 

sorption/ desorption. 

Precipitation. Precipitation of a mineral phase is generally controlled by solubility. 
Therefore, the thermodynamic behavior of various species may be used to predict the 
most stable phase that will form in a geologic environment. However, the 
thermochemical behavior of numerous trace elements (Pb, Cd, Ni, etc.) are not 
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adequately described within the literature, therefore, the evidence for the existence of 

solubility-controlling solid phases is often indirect, such as comparison of ion activity 

products to solubility products. Observed and speculated solid/mineral phases which 

may control the aqueous concentrations of selected metals are shown in Table 6-7. 

Hydroxide and carbonate solids are less soluble at neutral to high pH values. 

Therefore, these phases are important in most natural geologic materials (pH2, 7.0). 

With the exception of MW13 and MW15, the observed pH of groundwater over most of 

the upper aquifer ranges from 6.33 to 6.97 S.U., therefore, hydroxide and carbonate 

precipitates would appear to be marginally favored. On the other hand, observed pH in 

the lower aquifer ranged from 7.04 to 7.80 S.U., here the formation of hydroxide or 

carbonate precipitates may be an important attenuating mechanism. 

Formation of iron containing solids [e.g., FeMo04, NiFe204, Fe2 (SE03)3] may be a 
significant chemical attenuation mechanism for both cationic (e.g., Cr, Ni, Zn) and 

anionic (As, Cr, Mo, Se, V) species (Battelle, 1984). 

Evidence of low redox potential (pE) in the upper aquifer (Appendix K) are indicative 

of reducing conditions. Under these conditions, the precipitation of sulfides (e.g., NiS, 

PbS) is expected to be an important chemical attenuation mechanism (Battelle, 1984). 

Sorption/Desorption. Sorption/desorption reactions are dependent on the geologic 

matrix, the hydrochemical environment as well as the specific valence state and ionic 

radius of the adsorbed element. Important adsorbent media include the following: 

hydrous oxides of AI, Fe and Mn; 

amorphous aluminosilicates; 

organic matter; and 

lattice silicates or clay minerals; 
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Hydrochemical conditions influence adsorption by: 1) controlling ion speciation, 2) 

providing ions that compete for adsorption sites, and 3) affecting the net surface charge 

on amphoteric adsorbents (e.g., Fe and Mn oxides, amorphous aluminosilicates) and 
affecting base saturation and exchangeable acidity of cation exchange materials. 

Element speciation is controlled primarily by solution pH, pE and ion composition. 

Research indicates that for the most part, only uncomplexed ions, rather than 

complexed ions are adsorbed. Thus, hydrochemical conditions which favor 

complexation may reduce adsorption. Similarly, solution redox potential controls the 

valence of redox sensitive elements. For some elements (e.g., Cr) different valence 
states exhibit markedly different adsorption behavior. Most specific adsorbents (e.g., 

Fe, Mn oxides, amorphous aluminosilicates) have a pH-dependent surface charge. 

These constituents are positively charged at pH values below their point of zero charge 
(PZC), and negatively charged above. Thus, decreasing groundwater pH increases 

positive charge and factors anion retention, while increasing pH encourages cation 

adsorption. 

The cationic elements are sorbed specifically and by ion exchange. Ion exchange 

dominates when the specific sorption capacity is exceeded. The affinity of specifically 

adsorbed cations for hydrous oxides decreases in the following order: Pb > Cu > Zn > 
Ni 2. Cd. Some cationic elements, notably Cu and Hg, are strongly complexed by 

particulate organic materials. The sorption of most cationic elements increases with an 
increase in pH. Thus, the cations are significantly more mobile under acidic than basic 

conditions (Battelle, 1984 ). 

Ligands (e.g., Cl-, S042-, F- and organics) that form stable aqueous complexes with 

cations (e.g., Pb2+, Cu2+, Ni2+, Hg2+) reduce free cation activity and hence 

elemental adsorption. The presence of macro ions (e.g., Ca2+, Na +) and specifically 

absorbing ions (e.g., Cu, Zn, Cd) in solution also tend to reduce absorption through 

competition for cation exchange sites and specific adsorption sites, respectively. 

Though considerable descriptive and qualitative information is available for some 

elements, it is not possible to quantitatively predict sorption behavior based upon 

mineralogy and groundwater composition. 
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While quantitative predictions on the fate and transport of inorganic constituents is 

difficult, the following hydrochemical conditions were observed based on Round 2 

monitoring well sample results. 

The major cation (calcium, magnesium, sodium and potassium) and anion (chloride, 
sulfate and carbonates) results from the Round 2 groundwater samples were plotted on 

trilinear diagrams. 

Figure 6-2 shows a trilinear plot of groundwater composition from the lower aquifer 
monitoring wells. Calcium is the dominant cation and carbonates are major anions at 
these well locations. Generally, MW09 and MWlO, along the western portion of the 
Site, are slightly higher in dissolved solids. Chlorides also comprise a greater 

percentage of the total anion concentration at MW09 and MWlO, replacing sulfate as 
the secondary anion. 

Figure 6-3 shows a trilinear plot of groundwater composition from the upper aquifer 
monitoring wells. As with the lower aquifer, calcium and carbonates are the dominant 
cation and anions respectively at most wells. Sodium is the dominant cation in the 

sample from MWOS while the sodium + potassium is dominant in MW15. Higher 
sodium concentrations at MW04, MW06 and MW18 result in no dominant cation 
species at these well locations. Chloride is the dominate anion or elevated at these 

wells. The highest dissolved inorganic concentrations were detected at MW16, chloride 

and bicarbonate were the highest at this well location, however, the dominant cation is 

calcium. The observed pH (6.33 S.U.) at this well was the lowest recorded at the Site, 

indicating slightly acidic conditions and possibly dissolution of aquifer soils (e.g., 

CaC03). 

6.3 Surface water and Sediments 

Contamination of surface water and sediment occurs primarily through overland 

transport of contaminated soils through erosion and/or discharge of contaminated 

groundwater. 

Erosion. The movement of soil by water is dependent upon several factors, including 
the nature of erosive factors (rainfall amounts and intensities, snowmelt), physical 
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properties of the soil (degree of compaction, soil structure and infiltration rates), and 

surface conditions (vegetative cover, slope surface and surface roughness). 

The majority of wastes at the Site were buried and therefore are not currently subject to 

surface erosion. However, two areas of surface soil contamination were identified 
during the RI; the former incinerator area located in the ACS facility; and the 

Kapica/Pazmey Area (see Figure 1-2). 

Surface topography, vegetative cover and soil composition vary between these two 
locations. The former incinerator area is covered in gravel, as is most of the ACS 
facility. While runoff from the gravel may occur in areas of compaction, slope within 
the facility is relatively flat and potential for erosion of gravel and contaminated soil 
would be low. When runoff does occur, it likely follows the facility drainage system 

toward the ACS Firepond. 

Surface soils in the vicinity of the Kapica/Pazmey Area are mostly vegetated. 

Topography in this area generally slopes to the north and west toward the low area 
between Off-Site Containment Area and the Griffith Municipal Landfill. Surface 
water and sediment samples (SW05 and SD05) collected in this low area generally 

contained the highest concentrations of contaminants detected. This would indicate 
runoff has or continues to occur in this area. 

Discharge of contaminated groundwater to the surface wetlands may occur along 
western portions of the Site. Two predominant zones of upper aquifer contamination 
were identified during the RI west of the ACS facility and west of the Off-Site 
Containment Area (see Section 5.5). BETXs and chloroethane were the predominant 

contaminants detected (Figures 5-10 and 5-11 ). 

BETXs and chloroethane (and to a lesser extent ketones) were detected in 
hydraulically connected downgradient (west) sediment and surface water samples (see 
Section 5.3.2). Discharge of contaminated groundwater may be a contributing factor to 
contamination in these areas. 
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Volatization. Volatization may be a significant process resulting in the loss of 
contaminants from soils (Thibodeaux, 1979; Lyman and Reehl, 1981; Swallow and 
Gschwend, 1983). Volatization depends on several Site factors, including soil porosity 

and moisture content, surface wind speed, temperature, nature of the surface (e.g., hard 
packed, vegetative cover, paved, tilled, etc.), and contaminant properties, including 

Henry's Law constant and diffusivity. The process of volatization involves several steps, 
including desorption from soils, diffusion in water, interphase mass transfer, and 
diffusion in air. 

Volatization is an important process in unsaturated soils, because in addition to the 
water and solid phases there is an air phase present. The air phase provides a 

connection to the atmosphere, which acts as a pathway for gaseous phase diffusion of 
VOCs through the unsaturated zone. A volatile solute will tend to partition between 
water and air phases, or between solid and air phases. The former equilibrium situation 
is defined by Henry's Law constant (Table 6-1). The latter situation would be described 

by an air/solid partition coefficient. However, little published information is available 
to allow estimation of such a coefficient. In the current situation, it is reasonable to 
assume that soil moisture sufficient to maintain a thin water film will remain most of 

the time. Therefore, the air /solid equilibrium is neglected and Henry's Law is used to 
describe the air /water solute distribution. 

The substances with relatively high Henry's Law constants (Table 6-1) readily partition 

into the air phase so that relatively higher volatization losses from both the unsaturated 
zone and the water table will be observed for these substances. 

Based on the relatively high Henry's Law constants presented in Table 6-1, it is 

apparent that volatization may be a significant fate for the chlorinated ethenes and 

ethanes, BETX and most other TCL volatile compounds contained within the 
unsaturated zone. 

ACS Rl Section 6/IDD/PN 
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SECfiONS 
SUMMARY AND CONCLUSIONS 

A Remedial Investigation has been conducted at the American Chemical Service NPL 

Site in Griffith, Indiana, to define the Site conditions, including the extent of releases 

from the Site and to document the character of the source materials. This RI report has 

been generated for use in assessing the potential effects to public health and the 

environment, and to support the development and evaluation of viable remedial 

alternatives in the Feasibility Study. 

The investigation was conducted in accordance with applicable U.S. EPA guidance. 

Three phases of investigation were completed. 

8.1 SITE BACKGROUND 
The American Chemical Services (ACS) NPL Site (Site) is located at 420 South Colfax 

Avenue in Griffith, Indiana. Although the Site name is ACS, the United States 

Environmental Protection Agency (U.S. EPA) has defined the Site as including the ACS 

property (19 acres) the Pazmey Corporation property (2 acres; formerly Kapica Drum, 

Inc.) and the inactive portion of the Griffith Municipal Landfill (about 15 acres). 

Six areas of probable waste disposal were identified at the Site, based on preliminary 

reports and the review of aerial photographs. These six areas were assigned the 

following designations by U.S. EPA and ACS management: the On-Site Containment 

Area, the Still Bottoms Area, Treatment Lagoon #1, the Off-Site Containment Area, the 

Kapica/Pazmey Area, and the Griffith Municipal Landfill. 

ACS began operations as a solvent recovery facility in May 1955, and according to ACS 

personnel, solvent reclamation was the only operation performed on-Site until the late 

1960s. Solvent recovery remained the principal operation at ACS throughout its history. 
Small batches of specialty chemicals were first manufactured at ACS in the late 1960's 

and early 1970's. These early manufacturing operations included treating rope with a 

fungicide, bromination, and treating ski cable. 
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ACS installed its first incinerator in 1966, and a second in 1969. The incinerators were 
used to bum still bottoms and non-reclaimable materials generated at the Site, and off
Site wastes. The incinerators were removed from the Site in 1970, when their operation 
was discontinued. 

Between 1970 and 1975, the batch manufacturing processes were expanded. A lard oil 
process which utilized tallow and animal rendering was used to manufacture a lubricant 
product. In 1971, an additive manufacturing area was built. Various detergents, 
lubricants, and chemical additives were manufactured, in addition to soldering flux. An 

epoxidation plant was constructed in 1974. The epoxidation process creates a plasticizer. 

The ACS facility ceased to perform solvent recycling in September, 1990. Until that time 
it operated under RCRA interim status. A closure plan has been prepared for the final 
closure of the Site. The nature and extent of actions required of the owner and operator 
in respect the RCRA closure has not been finally determined. 

The Griffith Municipal Landfill has been an active solid waste disposal facility since the 
1950's. Kapica Drum, Inc. began operations in 1951. Operations at Kapica Drum, Inc. 
consisted of drum reconditioning. Kapica Drum was sold to Pazmey Corporation in 
February 1980. The Pazmey Corporation property was sold to Darija Djurovic in March 
1987. 

Still bottoms from the solvent recovery process were originally disposed of in the Still 

Bottoms Pond and Treatment Lagoon #1. The Still Bottoms Pond and Treatment 
Lagoon #1 were taken out of service in 1972. At this time, these two areas were drained 
and filled in with drums partially full of sludge materials. 

Between 1958 and 1975, the Off-Site Containment Area was utilized as a waste disposal 
area. A variety of wastes were disposed of in this area, including the still bottoms from 
the Still Bottoms Pond and Treatment Lagoon #1. Between 1968 and 1970, wastes from 
on-Site incinerators were disposed of in this area. General refuse, drums, and a tank 
truck partially full of solidified paint were also repeatedly disposed of in the Off-Site 
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Containment Area. It has been reported that the drums were punctured prior to 

disposal. Use of the Off-Site Containment Area was discontinued in 1972, and the area 

was reportedly capped with 2 to 3 feet of soil. 

During the mid-1960's, landfilling of drums was performed in the On-Site Containment 

Area. Approximately 400 drums containing sludge and semi-solids of unknown types 

were reportedly disposed of in the On-Site Containment Area. The incinerators 

operated between about 1966 or 1968 and 1970, during which time they reportedly were 

used to bum approximately 2 million gallons of on-Site and off-Site waste annually. 

8.2 PHYSICAL SETTING 

The ACS Site is located in northwestern Indiana within the Calumet Lacustrine Plain, a 
subdivision of the Northern Moraine and Lake Region (Hartke, et al., 1975). A variety 

of unconsolidated materials are found within the limits of the Calumet Lacustrine Plain. 

These materials include fine lake silts and clays, paludal muck and peat, beach and dune 

sands, sand and gravel outwash, and glacial tills. 

The glacial deposits in the immediate Site vicinity are approximately 130 feet thick. 
These deposits have been subdivided into four units: an upper sand and gravel unit, an 

intermediate clay unit, a lower sand and gravel unit, and a lower clay till unit which 

directly overlies bedrock. The uppermost bedrock in the Site vicinity consists of the 

Devonian Detroit River and Traverse Formations, composed of limestone with some 

karst (CDM, 3/26/85). 

Three geologic units have been identified within the glacial deposits at the ACS Site. 

These units are: an upper sand and gravel unit, an intermediate silty clay unit, and a 

lower sand and gravel unit. The Upper Sand and Gravel Unit at the Site generally 

consists of a brown to dark gray, fine to coarse sand with trace to little fine to coarse 

gravel, trace clay, and trace silt. In the Site monitoring wells, the Upper Sand and 

Gravel Unit ranged in thickness from about 13 to 32 feet, with an average thickness of 
about 17 feet. 
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The clay layer found underlying the Upper Sand and Gravel Unit at the Site has been 
classified as a gray silty to lean clay with trace to some fine to medium sand and trace 
fine to coarse gravel. The silty clay layer was found to range in thickness from an 
estimated minimum of 2.5 feet at boring CB-1 to a maximum thickness of 18.1 feet at 
monitoring well MW-7. 

The Lower Sand and Gravel Unit at the Site consists of a brown to dark gray fine to 
coarse sand with trace to some gravel and trace silt and pebbles. The full thickness of 
this unit was not penetrated in any of the borings performed for the RI. However, the 
driller's log for an on-Site water supply well indicates that this unit extends to bedrock at 
the Site. Bedrock was not encountered in any of the borings performed for the Remedial 

Investigation. 

Regional information suggests that the ACS Site is located on a surface water divide. To 
the north, the runoff flows into Lake Michigan; runoff from the other directions flows 
into tributaries of the Mississippi River. Site data indicate that the ACS Site lies entirely 
within the southern drainage basin. 

The U.S. Geological Survey topographic map of the region indicates that the local 
surface drainage is from the north to the southwest. The elevation of the ground surface 
is greater than 635 feet north of the Site, and slopes generally down to 630 feet west and 
south of the Site. The natural drainage appears to have been into a wetland located a 
mile south of the Site. Turkey Creek, which flows west to east approximately one mile 
south of the Site, is adjacent to the southern border of the wetland and may provide 
some drainage of the wetland. There appears to be no direct surface water connection 
between the Site and local streams or lakes. However, groundwater does discharge to 
the wetlands south of the Site, and those wetlands are drained by Turkey Creek one half 
to a mile further to the south. 

Data collected for this investigation also indicates that surface water runoff is toward the 
west and south. Determination of surface water runoff patterns is based on 
measurements at ten staff gages placed across the Site. Surface water flows past the Site 
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from north to south. A drainage ditch flows into the Site at the northern boundary 
directly north of the western ACS fence line, flows west along the northern Site 
boundary and into the drainage ditch cut north to south through the marsh west of the 
Site. In the current Site configuration, there is no surface water runoff from the Site as a 
whole. All surface water runoff is contained within the Site boundaries in the form of 
internal drainage or infiltration. 

Three hydrostratigraphic units have been identified in the glacial deposits in the Site 
vicinity. These units include, in descending order, an uppermost aquifer (Calumet 
Aquifer), a clay confining layer and a lower aquifer (Valparaiso Aquifer). The 
uppermost aquifer in the Site area is the Calumet Aquifer. Based on regional 
information (Hartke, et al., 1975), this aquifer is composed of sand and gravel, ranges in 
thickness from 5 to 75 feet and exhibits an average thickness of about 20 feet. Regional 
flow in the calumet aquifer is to the north or to streams or drainageways which intersect 
the aquifer. Beneath the Calumet Aquifer is a clay till. The clay till is absent in some 
areas, and ranges in thickness to about 50 feet in others. The borings made during the 
RI indicate that the clay is continuous beneath the entire ACS Site. The till is regarded 
as an aquitard, separating the shallow Calumet Aquifer from the underlying Valparaiso 
Aquifer. 

The lower aquifer in the Site area is the Valparaiso Aquifer. The Valparaiso Aquifer is 
composed of sand and gravel, and, ranges from about 10 to about 90 feet in thickness, 
(based on regional information (Hartke et al., 1975)). Water well logs indicate that the 
lower aquifer may be in excess of 50 feet thick in the Site vicinity. Regional flow in the 
lower aquifer is to the north beneath the Site. The majority of the private wells in the 
immediate Site vicinity draw water from the lower aquifer. 

Limestones, dolomites, and shales of Silurian and Devonian age compose the shallow 
bedrock aquifer in the Site area. Private well logs indicate that the shallow bedrock 
aquifer is encountered at a depth of about 130 feet at the Site. 

Monitoring wells, piezometers, leachate headwells, and surface water staff gages were 
installed at the ACS Site to investigate the hydrogeologic setting. 
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Upper AQ.llifer. Grain size analysis performed on upper aquifer samples indicated that 
the samples were more than 80 percent sand, with the exception of one sample from 
MW-5 which consisted of 43 percent gravel. Little gravel was found in the other 
samples, and only trace amounts of clay and silt. 

In-situ hydraulic conductivity (permeability) tests were conducted at monitoring wells 
constructed for this investigation. Average permeability values (K) calculated for the 
upper aquifer material are: 

Geometric Mean: K = 7.9 X w-3 ft/min 
4.0 X lQ-3 em/sec 

Two distinct ranges of permeability are evident when the data from the in-situ hydraulic 
conductivity testing is plotted on a site base map. The permeability appears to be 
significantly greater along the eastern part of the Site than in the monitoring wells along 
the western part. Based on the in-situ aquifer tests, the average values for the 
permeability in the upper aquifer on the east and west side are as follows: 

East side Mean: K= 1.5 X lQ-2 ft/min 
7.6 X 10-3 em/sec 

West side Mean: K= 2.9 X 1o-3 ft/min 
1.5 X 1o-3 em/sec 

Water level measurements were made on numerous occasions during the course of the 
remedial investigation and potentiometric maps were produced for each set of data. The 
maps are included in the appendices. There are four primary hydraulic controls in the 
upper aquifer flow pattern which are superimposed to create the observed 
potentiometric surface: 1) the regional gradient; 2) discharge to drainage ditches; 3) de

watering activities at the landfill; and 4 ), recharge which occurs primarily at the cleared 
and filled areas. A fifth minor control, is a ditch which extends northward from staff 
gage SG-1 for several hundred feet and discharges into a marshy area having an 
elevation below 630 feet. 

... 
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In all the watertable maps for this investigation, the fire pond has consistently exhibited 
the highest water elevation, and the potentiometric contour lines decline with distance 
from the pond. This pattern indicates that the primary groundwater flow at the Site is 
radially outward from the fire pond. There are minor seasonal differences in the flow 
pattern. However, a similar radial pattern is observed, both during the wet season and 
during the dry season. It appears that the groundwater flow in the upper aquifer is 
contained in the vicinity of the Site. The primary area of discharge for the upper aquifer 

is to the de-watering areas at the Griffith Municipal landfill. 

Calculations of groundwater seepage velocity in the upper aquifer indicate that 
groundwater flow rates at the Site vary from about 20 feet/year to about 250 feet/year in 
the upper aquifer. 

Lower Aquifer. Eight monitoring wells have been installed in the lower aquifer at the 
ACS Site. Groundwater elevations measured in these wells on three occasions illustrate 
a consistent north trending gradient. In situ hydraulic conductivity (permeability) tests 
were conducted at four lower aquifer monitoring wells. The permeability (K) values of 
the lower aquifer material ranged from 4.2x10-2 ft/min at MW-9 to 4.6x1Q-3 ft/min at 
MW-7 and MW-10, with a geometric mean value of K = 4.4 x lQ-2 ft/min (3.2 x lQ-2 
em/sec). Using this mean conductivity value and the hydraulic gradient of 0.00063, a 
groundwater seepage velocity of 73 ft/year was calculated for the lower aquifer. 

Differences in groundwater elevation between the upper and lower aquifer of 9 to 13 
feet were measured in the Site monitoring wells. Downward vertical gradients were 
calculated between the upper and lower aquifer across the clay confining layer. These 
calculations assume that head loss occurs only across the thickness of the clay. The 
vertical gradients calculated vary from 0.71 to 1.43, with an average downward gradient 
of approximately 1. 

Estimates of potential vertical leakage across the clay confining layer were calculated 
using a hydraulic conductivity value of 4.8 x lQ-8 em/sec, the vertical gradient for each 

lower monitoring well location, and an effective porosity of 0.15. With these 
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assumptions, it was calculated that the vertical seepage rate for groundwater between the 

upper and lower aquifer is between 0.24 ft/yr at MW-7 to 0.46 ft/yr at MW-10, where the 

clay layer is thinner. This represents the potential seepage rate for water through the 
clay. The calculation of a potential seepage rate for water through the clay may 

overstate the actual seepage and explain the lesser and slower migration of contaminants 

from the sources than hypothesized by calculations. Migration of contaminants has been 

inhibited by many other factors as demonstrated by the absence in the lower aquifer of 

most contaminants found at sources on the site. 

8.3 NATURE AND EXTENT OF CONTAMINATION IN SOILS 

The data which were used to define the characteristics and extent of contaminated zones 

were collected in three phases and a Supplemental Technical Investigation (STI) during 
the course of the RI. Data was collected through the installation of 24 monitoring wells, 

41 piezometers, 10 staff gages, 5 leachate wells, 3 soil area samples, 83 auger probes, 73 
soil borings, 2 test pits, 5 surface water samples, 11 sediment samples, and 10 private well 

samples. 

During the three phases of the Rl, sampling was conducted in the following media: 
soil/waste, groundwater, surface water, and sediment. Samples from the various media 

were analyzed for U.S. EPA Target Compound List (TCL) organics and Target Analyte 

List (TAL) metals and cyanide. Groundwater, surface water and private well samples 
were also analyzed for water quality indicator parameters. 

Due to the relatively large number of waste constituents detected at the Site, compounds 

were grouped together, where appropriate, to assist in evaluating contaminant 

distribution. The specific compound groupings which were used are discussed below: 

BETX Compounds - Partially water soluble products from gasoline, oil and/or 
hydrocarbon products (i.e., benzene, ethyl benzene, toluene, xylene); 

-

-
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Total Chlorinated Benzenes - Used as solvents and reagents from a variety of 
chemical manufacturing processes. Compounds in this group include 
chlorobenzene, hexachlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 
1,2-dichlorobenzene, and 1,2,4-trichlorobenzene; 

Total Chlorinated Ethenes - Chlorinated ethenes, including tetrachloroethene 
(PCE), trichloroethene {TCE), dichloroethene (DCE) and vinyl chloride. These 
compounds represent a potential degradation sequence, and are common 
industrial compounds; 

Total Chlorinated Ethanes - Chlorinated ethanes, including 1, 1,2,2-
tetrachloroethane, 1, 1,2-trichloroethane, 1, 1, 1-trichloroethane, 1,2-
dichloroethane, 1, 1-dichloroethane, and chloroethane. These compounds 
represent a potential degradation sequence and are common industrial solvents; 

Ketones - Compounds found in resins, paint removers, cement adhesives and 
cleaning fluids (e.g., acetone, 2-butanone, 2-hexanone, 4-methyl-2-pentanone, 
isophorone ); 

Plasticizers - Compounds associated with plastics and plastic making processes 
(e.g., phthalates ); 

~ - Mixtures of chlorinated biphenyls identified as Aroclors, formerly used 
extensively in industrial applications. 

Polycyclic Aromatic Hydrocarbons (P AH) - A group of compounds associated 
with and derived from coal and oil, and the incomplete combustion of 
carbonaceous materials; 

Phenols - A group of chemicals of similar composition used in adhesives, 
epoxies, plastics and a variety of synthetic fibers and dyes. Compounds in the 
group include chlorinated, methylated, and nitrified phenols. Benzoic acid is 
also included with the phenols, because it may be a degradation product of the 
phenols. 

Three general source areas were identified from the Phase I data: the On-Site 
Containment Area, the Still Bottoms/Treatment Lagoon and adjacent areas, and the 
Off-Site Containment Area and KapicajPazmey Area. 

While the concentrations and distribution of the organic contaminant groupings varied 
between and within the three source areas, the organic compounds present were 
generally the same, with the exception of the PCBs. For example, while the BETX group 
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generally represented the highest concentration of organic contaminants in the waste 
areas, elevated concentrations of BETX were closely correlated to elevated 
concentrations of chlorinated ethenes, chlorinated ethanes, etc. However, correlation 
between BETX and PCBs did not exist. 

Therefore, for the purpose of describing the nature and extent of organic contaminants 
with respect to remediation, two categories of organic contaminants were developed: 
organic contaminants without PCBs; and organic contaminants with PCBs. 

The metals data from the Phase I waste samples were evaluated in the context of the 
U.S. EPA Publication, Trace Chemical Element Content of Natural Soils (1983). Of the 
twelve metals detected in excess of the U.S. EPA "common range", total chromium and 
lead were the most prevalent. As shown in Figure 5-5 in the RI Report, a logarithmic 
plot of Phase I lead concentrations versus total chromium concentrations indicate a 
strong correlation in the occurrence of these two elements. Therefore, lead 
concentrations were selected as an indicator of TAL metals distribution in the source 
areas. 

The phases of investigation performed after Phase I were designed to delineate vertical 
and horizontal extent of contamination in the source areas. The contamination 
encountered in each area is discussed in detail in Section 5 of the RI Report. A brief 
discussion of each area is presented below. 

Leachate samples were collected during Phase I from the Griffith Municipal Landfill, at 
leachate wells LWOl through L W04. The TCL organics and tentatively identified 
compounds (TICs) detected in the leachate samples tended to be highest in samples 
from L W03 and L W04 located in the newer area of the landfill, where active 
biochemical decomposition of the refuse is apparently greater. The six organic groupings 
detected in the leachate well samples included BETX, Chlorinated benzenes, Ketones, 
Phthalates, P AHs, and Phenols. 

-

-
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Concentration ranges for each organic contaminant grouping detected in the leachate 
well samples were as follows: 

BETX 
Chlorinated benzenes 
Ketones 
Phthalates 
PAHs 
Phenols 

2.0 ug/L (LW02) to 244 ug/L (LW04) 
8.0 ug/L (LW03) to 53 ug/L (LW04) 
251 ug/L (LW04) to 1740 ug/L (LW03) 
5.0 ug/L (LW04) to 42 ug/L (LW03) 
3.0 ug/L (LW04) to 43 ug/L (LW03) 
7.0 ug/L (LWOl) to 831 ug/L (LW03) 

Typically landfill leachates have a high inorganic component due to the breakdown of 
the waste material. Concentrati«?ns of most TAL metals, including cyanide, in leachate 
samples from the Griffith Municipal Landfill were highest at L W02. 

Seven general sediment areas were sampled and analyzed for TCL organics and TAL 
inorganics. The following briefly summarizes the analytical results in each of the seven 

general sediment sampling areas: 

ACS facility - Four of the nine organic contaminant groups were detected in 
SD01 and SD02. Phthalates and PCBs were detected in both samples at 
somewhat elevated levels, BETX and total phenols were detected in SD02 at 
relatively low concentrations. Lead levels at SD02 appeared slightly elevated. 

Wetlands north and west of ACS - Eight of the nine contaminant groups were 
detected in one or more of the six samples representing sediments in this area. 
With the exception of PCBs and phthalates at SD16, and total PAHs at SDlO, 
most concentrations were relatively low. Lead and chromium levels were also 
somewhat elevated at SD16. 

Draina2e ditch west of ACS - Three contaminant groups were detected in the 
two samples from this area. Total P AHs and phthalates were detected at low to 
moderate concentration in both SD07 A and SD07B, total phenols were detected 
in SD07B only. 

Draina2e ditch north of Landfill - Phthalates and PCBs were detected in SD07C. 

Wetland west of Landfill -Total phenols, PAHs, phthalates and ketones were 
detected in one or more samples from this area. 

Wetland east of Landfill - BETX, phenols, P AHs and phthalates were detected 
in one or both samples from this area. 
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Draina~e from Off-Site Containment- BETX, phenols, PAHs and phthalates 
were detected at relatively high concentrations at SD05 immediately west of the 
Off-Site Containment. 

Five surface water samples were collected; two were internal to the Site, and three were 
on the perimeter of the Site. The following is a summary of the sampling results from 
each area: 

ACS facility - Trace amounts of 1,2-dichloroethene and 1, 1-dichloroethane, both 
of which were detected in nearby soils were detected in the ACS Fire Pond 
(SW01). Aroclor 1248 was also reported at the detection limit at both SWOl and 
SW02, and is likely related to suspended solids in the surface water. 

Draina2e from Off-Site Containment - Historical review indicates a ditch was cut 
between the Off-Site Containment area and the landfill, apparently to drain 
surface water toward the west. Over the years, sections of the ditch have 
become filled in so it is no longer a continuous surface water flow route. The 
surface water samples collected from this ditch (SW05) contained the highest 
concentrations of VOCs of the surface waters sampled with BETX (508 ug/L) 
and ketones (574 ug/L), as well as lower levels of chlorinated ethenes and 
ethanes. All the VOCs detected in SW05 were present in soils from the Off-Site 
Containment Area and groundwater. No pesticides or PCBs were detected in 
this sample. 

Ditch west of ACS - SW07 A, contained chloroethane at 14 ug/L as the only 
detected organic target compound. 

Wetlands east of Landfill - SW08 contained toluene at 8 ug/L, and total phenols 
at 635 ug/L. 

A relatively large number of compounds were detected in the waste areas. As was 
previously discussed, the extent of contaminated waste and soils was evaluated based on 
the three indicator groupings (total VOCs, total PCBs and lead). Visual observations 
and HNu readings obtained from subsurface auger probes were also considered in the 
determination of horizontal and vertical waste extent. The following summarizes the 
distribution of buried wastes at the Site. 

-

-
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On-Site Containment Area. The On-Site Containment Area is a rectangular shaped 
area, approximately 250 feet north to south and 450 feet west to east, located in the 
northern third of the fenced ACS facility. Historical information and subsurface 
investigations during the RI indicate that drums are buried beneath at least a portion of 
this area. The buried drums are found in an area approximately 50 feet by 50 feet in 
size, and appeared to be stacked three high in the test pit excavation. It is possible that 
the drums represent the major source of potential contaminants in this area. 

With the exception of a few localized areas in the western half of the On-Site 
Containment Area, most of the contaminants are non-PCB containing organic waste. 

All nine organic compound groups were detected in the On-Site Containment Area. 
Generally the highest concentrations were detected in samples from test pit TP02, which 
showed buried drums. Concentration ranges for the organic compound groups (with the 
exception of PCBs) in the remaining subsurface soil samples are as follows: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PARs 
Phenols 

11 ug/kg to 3,002,000 ug/kg 
2 ug/kg to 10,790 ug/kg 
2 ug/kg to 1,110,000 ug/kg 
1 ug/kg to 11,000 ug/kg 
4 ug/kg to 7,400 ug/kg 
39 ug/kg to 15,086 ug/kg 
50 ug/kg to 121,338 ug/kg 
93 ug/kg to 2270 ug/kg 

PCB contaminated wastes were detected only in the western half of the On-Site 
Containment Area, and were relatively localized horizontally. Total PCB concentrations 
in the On-Site Containment Area samples ranged from 130 ug/kg to 26,000 ug/kg. 

Elevated metals in the On-Site Containment Area appear to be limited to near surface 
soils in the western half of the Area. 

Still Bottoms/Treatment La&oon Area. The Still Bottoms Area is an oval area 
approximately 100 feet in diameter in the central portion of the fenced ACS facility. 
The Treatment Lagoon Area is an oval area approximately 200 feet by 100 feet located 
between the ACS Fire Pond and the Still Bottoms Area. 
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As with the On-Site Containment Area, most of the contaminants detected in the Still 

Bottoms/Treatment Lagoon are non-PCB containing organics. Localized areas of PCB 

containing wastes were detected in the Still Bottoms and some metals were detected in 

both areas. 

All nine organic compound groups were detected in the Still Bottoms and Treatment 

Lagoon Areas, and for the most part, highest concentrations were detected in samples 

from test pits which encountered buried drums. Concentration ranges for the organic 

compound groups (with the exception of PCBs) in subsurface soil samples including test 

pits are as follows: 

BEXT-
Chlorinated Benzenes -
Chlorinated Ethenes -
Chlorinated Ethanes -
Ketones-
Phthalates-
PARs-
Phenols-

66 - 34,670,000 ug/kg 
45- 62,500 ug/kg 
31 - 2,000,000 ug/kg 
8- 21,000,000 ug/kg 
55 - 4,100,00 ug/kg 
456 - 4,694,000 ug/kg 
351- 1,057,900 ug/kg 
429 - 194,00 ug/kg 

PCBs were not detected in the Treatment Lagoon Area. Total PCB concentrations in 

the Still Bottoms Area samples ranged from 330 ug/kg to 74,000 ug/kg. 

Chromium and lead were the primary inorganic constituents detected. Total chromium 

ranged from 8.7-1410 mg/kg, and lead ranged from 21.9-6300 mg/kg. Antimony, 

cadmium, copper, magnesium, mercury, selenium, and zinc were also detected. 

Area West of Fire Pond. An area of contaminated subsurface soils was discovered west 

of the existing ACS Fire Pond during the RI. One soil boring, SB20, was conducted in 

this area, and a sample of the contaminated soil collected. 

Concentrations of the organic compound groups for this location were similar to those 

east of the Fire Pond, with all nine compound groups being detected. Metals 

concentrations were not elevated in this area. 

..... 

-
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Former Incinerator Area. The former incinerator area is a square 50 by 50 foot area 
located along the eastern portion of the fenced ACS facility. Total indicator 
contaminant concentrations in surface soils (SA03) from the former incinerator location 
were considerably less than in the waste disposal areas of the fenced ACS facility. 

Total VOC concentration in SA03 was 980 ug/kg, with BETX as the only VOC group 
detected. Total P AHs were detected at 50 ug/kg, and total phthalates at 2600 ug/kg. 
The remaining organic compound groups, including PCBs, were not detected in SA03. 
TAL metal concentrations were not elevated at this location. 

Off-Site Containment Area. The Off-Site Containment Area is located south of the 
fenced ACS facility. It is an approximately 300 by 400 foot area formerly used by ACS as 
a disposal area for drums of waste materials and still-bottom sludges. The greatest 
volume of wastes detected in this area are non-PCB organics. However, PCBs and 
metals were detected primarily in one localized area at depth in the northern portion, as 
well as at a number of small areas in the southern portion of the Off-Site Area. 

The following concentration ranges of each organic contaminant group (with the 
exception of PCBs) were detected in the Off-Site Containment area samples: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PAHs 
Phenols 

17- 254,500,000 ug/kg 
3 - 1,000,000 ug/kg 
44 - 65,000,000 ug/kg 
8- 151,330,000 ug/kg 
52 - 197,600,000 ug/kg 
54 - 19,136,000 ug/kg 
273- 3,487,700 ug/kg 
180 - 1,054,000 ug/kg 

PCB concentrations in the soil and wastes in the Off-Site Containment Area are, for the 
most part, found at concentrations of less than 50 ppm. These levels of PCBs occur in 

scattered, localized areas at various depths between the Kapica building and a surficial 
waste seep near the southwest corner of the off-Site area. Actual total PCB 
concentrations in the Off-Site Containment Area samples ranged from 96 ug/kg to 
1,400,000 ug/kg. 
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The distribution of wastes/soils in the Off-Site Containment potentially contaminated 

with metals is similar to that of the PCB wastes, but to a lesser extent. 

Kapica-Pazmey Area. The Kapica Drum recycling area is located in the far southeastern 

corner of the Off-Site Containment Area. The Kapica Area was used to recycle and 

clean drums for the ACS facility, as well as other non related customers. Observations in 

this area and results of the RI indicate that much of the waste was apparently disposed of 

directly on the ground surface. 

All nine organic contaminant groups are present in the KapicajPazmey Area. 

Concentration ranges of each organic contaminant group with the exception of PCBs 

were as follows: 

BEXT 
Chlorinated Benzenes 
Chlorinated Ethenes 
Chlorinated Ethanes 
Ketones 
Phthalates 
PAHs 
Phenols 

1 - 46,300,000 ug/kg 
18 - 27,000 ug/kg 
2 - 960,000 ug/kg 
5 - 1350 ug/kg 
2 - 367,000 ug/kg 
177- 698,100 ug/kg 
54- 157,300 ug/kg 
280-34,300 ug/kg 

Soils containing PCBs at levels in excess of 1 ppm are found primarily in an area north of 

the Kapica building. Actual PCB concentrations in the Kapica area ranged from 4,200 

ug/kg to 280,000 ug/kg. 

Metals contaminated soils in the Kapica area are primarily found to the west and north 

of the Kapica building. 

8.4 NATURE AND EXTENT OF GROUNDWATER CONTAMINATION 

Twenty-four groundwater monitoring wells (MW01 through MW24) were installed 

during the Site Rl. Eight of the 24 monitoring wells (MW07, MW08, MW09, MWlO, 

MW21, MW22, MW23, and MW24) are screened in the lower aquifer. The remaining 

16 wells are water table wells. 
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Upper AQllifer. The occurrence, concentration and distribution of contaminants in the 
upper aquifer reflects the groundwater flow paths previously described. As groundwater 
flows from the Fire Pond toward the Griffith Municipal Landfill dewatering pit, some of 
the relatively soluble, and therefore more mobile, organic constituents associated with 

source areas are detected downgradient. 

As with the buried wastes, the BETX group of organic compounds was widely distributed 
in the upper aquifer and was present at the highest concentration relative to other 
contaminants detected in the upper aquifer monitoring well samples. The highest total 
BETX concentrations were detected at MW03 (106,000 ug/L- Round 2). This well is 
located downgradient of the On-Site Containment Area under steady state groundwater 
flow conditions as were present during the second sampling round conducted in May 
1990. Benzene, for the most part, was the predominant constituent compound detected 

within the BETX grouping. 

Chlorinated ethanes were as widespread in the upper aquifer samples as the BETX 
group, however, overall concentrations were generally lower, with the plume centered 
downgradient of the Off-Site Containment Area. 

The highest concentrations of chlorinated ethanes were detected at MW16 ( 4,000 ug/L -
Round 2); at this location the predominant constituent compound was 1,1-
dichloroethane (2,400 ug/L, with chloroethane at 1,600 ug/L). MW16 is located 
immediately downgradient of the Still Bottoms and Off-Site Containment Area. Both of 
these areas contained elevated concentrations of the heavier chlorinated ethanes. 

The remaining organic contaminant groupings were considerably less widespread than 
the BETX and chlorinated ethanes and, with exception of the ketones, were at 
considerably lower concentrations. 

Ten trace metals were detected in one or more upper aquifer well samples at 
concentrations at least five times the background well (MWll). Iron and potassium 
were also detected at concentrations that may be at least partially attributable to ACS 
wastes or the Griffith Municipal Landfill, rather than aquifer geochemistry. Apparently, 
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elevated trace metal concentrations occurred most frequently in samples from MW03 
and MW04 adjacent to the On-Site Containment Area, and MW06 adjacent to the Off
Site Containment area. Trace metals detected include: arsenic, barium, cadmium, total 
chromium, manganese, mercury, nickel, potassium, selenium, vanadium, and zinc. 

Lower Aquifer. Lower aquifer contamination relative to the upper aquifer is limited, 
both with respect to nature of compounds detected and the extent. Considerable 
attenuation of contaminant levels downgradient of the impacted area is apparent. 

The only TCL organics detected in lower aquifer monitoring wells were: chloroethane, 
bis(2-Chloroethyl)ether, and 4-Methyl-2-pentanone. Trace metal concentrations greater 
than five times background were not detected in the lower aquifer wells. The maximum 
concentration of chloroethane was 440 ug/L at MW-9. The other lower aquifer wells 

confirm that the contaminants do not extend off-Site. 

Private Wells. Private well sampling was performed at eight locations during Phase II of 
the Rl, and 2locations during Phase III. TCL volatiles, semivolatiles and pesticide/PCBs 
were not detected in the private well samples. Trace metals detected in private well 
samples included barium, cadmium, lead, and zinc. These elements were not elevated in 

the lower aquifer sample collected at the Site and the latter three may be attributable to 
the water distribution system. 

Groundwater provides a primary migration pathway by which contaminant transport may 
occur. This section describes the potential behavior of the identified chemical 
contaminants within the groundwater system. The major reactions affecting chemical 
transport in groundwater are sorption (adsorption plus absorption) and biodegradation 
(Olsen and Davis, 1990). 

Distribution coefficients were calculated for several representative contaminant 

compounds (Table 6-2, RI Report) based on total organic carbon (TOC) concentrations 
for aquifer soils obtained during Phase II drilling and from the compound specific 
organic carbon partitioning coefficient Koc, (U.S. EPA, 1986). Retardation factors were 
calculated based on the calculated 1«J values, the aquifer porosity (n) and bulk density 
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(Pb)· Values representative of upper and lower aquifer soils along the eastern (MW07) 
and western (MW09) portion of the Site are summarized in Table 6-2 of the RI Report. 
Retardation factors ranged from 1.26 (acetone) to 62,693 (PCBs) for the confining layer 
at MW07 and 1.15 (acetone) to 36,955 (PCBs) at MW09. 

Transport velocities for the upper aquifer organic contaminants were calculated using 
the calculated range of vertical seepage rates and retardation factors. Theoretical 
transport velocities across the confining layer range from 0 ft/yr (essentially immobile) 
for PCBs across the entire Site, to 0.399 ft/yr for acetone in the vicinity of MW09, 
assuming a seepage rate of 0.46 ft/yr. Therefore, assuming the thickness of clay beneath 
areas of contaminated groundwater in the upper aquifer to range from 6 ft to 15 ft, 
potential acetone migration across the confining layer would take approximately 15 to 37 
years. 

Benzene is a good indicator of the groundwater contamination in the upper aquifer. It is 
the most mobile of the BETX compounds. Transport velocities were calculated for the 
upper aquifer and values ranged between 7 and 54 feet per year. Moving at these 
velocities, it would take 25 to 190 years for benzene to migrate one-quarter mile 
downgradient, assuming adsorption is the only attenuation mechanism. 

1,1-Dichloroethene is the most mobile constituent of the chlorinated ethene group. 
Transport velocities for this compound ranges from 13 to 88 feet per year in the upper 
aquifer. Transport velocities calculated for tetrachloroethene, the least mobile 
constituent of the group, ranged from 1.7 to 18 feet per year. 

The calculated horizontal seepage rate for water in the lower aquifer is 73 ft/yr. The 

theoretical transport velocity for chloroethane in the lower aquifer was calculated as 22 
feet per year compared to 57 feet per year for bis(2-chloroethyl)ether. Based on the 
above values, it would take approximately 60 years for chloroethane and 23 years for 
bis(2-chloroethyl)ether to migrate one-quarter mile downgradient. These estimated 
migration times assume no other attenuating mechanisms. 
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Migration of contaminants has not occurred at the rate or rates calculated. Apparently, 
a combination of factors, indigenous to the Site, have served to retard migration, with the 
result that the bulk of contaminants of concern remain at source locations. 

Evidence of reductive dechlorination at the Site is apparent. Chlorinated ethenes and 
chlorinated ethanes are present with a non-halogenated carbon source (BETX, ketones, 
etc.) under anoxic conditions. While high concentrations of trichloroethene and 
trichloroethanes were detected in the waste areas, chloroethane, a probable degradation 
product was the predominant chlorinated constituent in the downgradient groundwater. 

Contamination of surface water and sediment occurs primarily through overland 
transport of contaminated soils through erosion and/or discharge of contaminated 
groundwater. The majority of wastes at the Site were buried and therefore are not 
currently subject to surface erosion. However, two areas of surface soil contamination 
were identified during the RI; the former incinerator area located in the ACS facility; 
and the Kapica/Pazmey Area. 

Surface topography, vegetative cover and soil composition vary between these two 
locations. The former incinerator area is covered in gravel, as is most of the ACS 
facility. While runoff from the gravel may occur in areas of compaction, slope within the 
facility is relatively flat and potential for erosion of gravel and contaminated soil would 

be low. When runoff does occur, it likely follows the facility drainage system toward the 
ACS Firepond. 

Surface soils in the vicinity of the KapicafPazmey Area are mostly vegetated. 
Topography in this area generally slopes to the north and west toward the low area 
between Off-Site Contaminant Area and the Griffith Municipal Landfill. Surface water 
and sediment samples (SW05 and SD05) collected in this low area generally contained 
the highest concentrations of contaminants detected. This would indicate runoff has or 
continues to occur in this area. 

-
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Discharge of contaminated groundwater to the surface wetlands may occur along 
western portions of the Site. Two predominant zones of upper aquifer contamination 
were identified during the RI west of the ACS facility and west of the Off-Site 
Contaminant Area. BETXs and chloroethane were the predominant contaminants 

detected. 

BETXs and chloroethane (and to a lesser extent ketones) were detected in hydraulically 
connected downgradient (west) sediment and surface water samples. Discharge of 
contaminated groundwater may be a contributing factor to contamination in these areas. 

8.5 RISK ASSESSMENT 
There are no apparent risks to human health associated with Site contamination 

currently. There is the potential of risk to human health only if continued migration of 

contaminated groundwater is not prevented. 

The baseline risk assessment was performed consistent with the Risk Assessment 
Guidance for Superfund (RAGS, U.S. EPA 1989) in coordination with the U.S. EPA 
RPM and Technical Support Group. 

Non-cancer health effect risks were estimated by calculation of hazard quotients (HQ). 
For a given exposure pathway, the hazard quotients for all chemicals of concern are 
added to arrive at a total. This total value is referred to as the hazard index (HI) for the 
exposure pathway. A HI or HQ in excess of unity (1) may represent a potential health 
risk associated with exposure via a particular pathway or chemical. 

The cancer risk value is an estimate of an individual's lifetime likelihood of developing 
cancer over and above the existing background chance of developing cancer. A cancer 
risk of 1 x 10-6, for example, may be interpreted as an increased risk of one in one 
million of developing cancer over a person's lifetime. This risk may also be interpreted 
on a population basis, to predict that one additional case of cancer may occur in a 
population of one million people. For known or suspected carcinogens, the 1 x w-6 risk 
level is used by U.S. EPA as a "point of departure" below which risks are not considered 
to be of concern. Cancer risks which are between 1 x w-6 and 1 x lQ-4 may or may not 

be acceptable, depending on other risk management factors. 
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Current Land Use. Current land use health risks associated with exposure to 
contaminated Site media were evaluated for off-Site residents, trespassers, and on-Site 
workers at the ACS facility. The likelihood of exposure to populations from any of the 
pathways in the risk assessment is considered to be low and generally results in risk 
estimates that are conservative. 

Off-Site residents were considered hypothetically to be exposed to contaminants released 
to groundwater and air under current land use conditions. Risk to adults and children 
was considered separately, as was exposure to groundwater from the lower and upper 
aquifers. Risks to off-Site residents which might occur if off-Site residents were actually 
exposed under this hypothetical scenario included: 

A non-cancer hazard index (HI) greater than 1 for children as a result of dermal 
exposure to 2-butanone. 

A total cancer risk to children exposed to groundwater from the upper aquifer of 
4.9 x 10-2, attributed mainly to dermal exposure to benzene. 

A total pathway HI for off-Site residents exposed to contaminants in air and 
groundwater of 1.8. 

A total cancer risk for off-Site adults of 6.6 x l0-4, attributable mainly to 
ingestion of arsenic and bis(2-chloroethyl) ether from groundwater. 

Hypothetical Site trespassers were assumed to be exposed to contaminants from surface 
soils, surface water, sediments, and fugitive dusts and volatiles. Quantified risks for this 
hypothetical scenario included: 

A total HI for all pathways of 1.5 x lo2, due mainly to ingestion and dermal 
absorption of surface soils at Kapica-Pazmey. 

A total cancer risk for all pathways of 6.3 x lo-3, attributed mainly to dermal 
contact with benzene, inhalation of volatiles, and exposure to PCBs. 

ACS facility workers were assumed to be exposed hypothetically via inhalation of fugitive 
dusts from Kapica-Pazmey and volatiles released from buried waste. Risks for this 
hypothetical scenario included: 
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A cancer risk of 1.6 x 1Q-3, due mainly to inhalation of VOCs (primarily 1,1-
dichloroethene, chloroform, and carbon tetrachloride). 

Future Land Use. Future land-use health risks were based on exposure to contaminated 
Site media by residents living on-Site. It is emphasized that it is highly unlikely that this 
would be a reasonable future scenario at the Site. Residents were assumed to be 
exposed to soils at specific parts of the Site independent of the other areas, e.g., the Off
Site Containment area exclusively. The only difference in risk associated with each 
specific portion of the Site came from soil exposure, since exposure to groundwater and 
surface water was assumed to be the same throughout the Site. Risks associated with 

this unlikely future land use scenario included: 

The non-cancer hazard index for exposure to contaminated groundwater from 
the upper aquifer was estimated at 2.4 x 1o3, due primarily to dermal exposure 
to 2-butanone. The cancer risk was approximately 1.4 x w-1, due mainly to 
benzene exposure. 

The non-cancer hazard quotients for surface water (2.2) and sediments (2.0) 
were attributed primarily to dermal exposure to 2-butanone. The cancer risk 
due to surface water exposure was 1.1 x w-4, attributed mainly to dermal 
exposure to benzene. Sediment cancer risk was 2.2 x 1o-4, as a result of 
exposure to carcinogenic P AHs and PCBs. 

The non-cancer hazard index for inhalation of VOCs was 5.3, due primarily to 
exposure ton-chain alkanes. The cancer hazard risk was 2.7 x 10-3, as a result of 
possible exposure to 1, 1-dichloroethene, 1, 1, 1-trichloroethane, and chloroform. 

Non-cancer and cancer HI values in excess of unity associated with exposure to 
soils in the various Site areas were due to the presence of various volatile 
organics and metals. Among the chemicals of concern were tetrachloroethene, 
PCBs, carbon tetrachloride, and P AHs. 

The cancer risk appeared greatest for a resident residing at the Off-Site 
Containment Area (2.9 x 10-1). 
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The ACS Site includes some natural habitat as well as industrial properties. Although 

there is limited open surface water habitat, there are wetlands on the Site and in the Site 

area. Terrestrial areas support mature oak forests in undeveloped areas. 

Chemicals of potential ecological concern at the ACS Site include TCL compounds and 

TAL metals found in the Site surface waters, sediments, and soils. Most organic 

compounds are not readily absorbed by aquatic and wetland plant species. Because 

habitat for aquatic fauna is limited, organic compounds do not likely present an 

appreciable source of hazard to Site open water or wetland habitats. Some metals found 

in Site surface waters exceeded U.S. EPA Ambient Water Quality Criteria and may 

present an environmental concern. Although sediment samples were below background 

levels for soils for TAL metals, derived sediment quality criteria could not be developed 

for assessment of ecological effects of nonpolar organic compounds. Sediment quality 
criteria will be developed and discussed when TOC data become available. 

To be completed with data generated for Ecological Assessment 
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Date 

1950's 

1951 

1954 

May 1955 

1958 

1955-1968 

1960s 

1968 

1970 

1972 

1973 

1972-1973 

1974-1975 

Feb 1980 

May 8-9, 1980 

TABLE 1-3 

Event Chronology 
Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Event 

Griffith Landfill begins operations. 

Kapica Drum begins operations. 

Aerial photograph available (Appendix A). 

ACS begins operations as a solvent recovery facility. 

Aerial photograph available (Appendix A). 

"Occasional" leaking of drums in drum storage area. 

Leaching and/or runoff from the Still Bottoms Pond reportedly 
kills off vegetation in marsh area to west of site. 

Small fire in drum storage area; several hundred gallons of 
material spilled. 

Aerial photograph available (Appendix A). 

Still Bottoms Pond and Treatment Lagoon #1 taken out of 
service. Use of Off-Site Containment Area discontinued. 

Aerial photograph available (Appendix A). 

ISBH inspections and concern regarding waste handling, site 
maintenance and spill prevention. 

ISBH expresses concerns regarding discharge of chemicals to 
sewer and alleged dumping. 

U.S. EPA makes identification and preliminary assessment of 
ACS as potential hazardous site. 

U.S. EPA samples soil, leachate and surface water in vicinity of 
Griffith Landfill and Off-Site Containment Area. Leachate 
noted emanating from Off-Site Containment Area and Griffith 
Landfill. 



TABLE 1-1 
(continued) 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Activity 

Surface Water/Sediment 
Sampling 

Soil Borings/Test Pits/ 
Surface Soil 

Auger Probes 

Aquifer Testing 

Physical Testing At 6 
Monitoring Wells 

Private Well Sampling 

Water Level Measurements 

Climatological Data 
Collection 

PHASE II 

Install Lower Aquifer 
Wells 

Data Generated 

Analytical Data 
Appendices K, Q and R 

Boring Logs 
Waste Extent 
Analytical Data 
Site Stratigraphy 

Waste area definition 
HNu Readings 

Permeability Data 

Grain Size Data 
Permeability Data 

Analytical Data 

Groundwater Elevations 

Precipitation records for 
1/89-90 

Boring Logs 
Construction Details 
Stratigraphy 

Presentation 

Section 5 

Sections 3, 4, and 5 
Figures 2-1,2-2,4-3 to 4-7 
Table 4-2 
Appendices D, H, Q, R 

Section 3 
Figures 2-1 and 2-2 
Appendix H 

Section 4 
Figure 4-12 
Table 2-4 
Appendix I 

Section 4 
Tables 2-2 and 4-3 
Appendix F 

Section 5 
Appendices K, Q, and R 

Section 4 
Figures 4-13 to 4-16, 4-19 
Table 2-5 
Appendix 0 

Section 4 
Table 4-1 
Appendix M 

Section 4 
Figures 4-2 to 4-7 
Tables 2-1, 2-3, 4-2 
Appendices D and E 



TABLE 1-1 
(continued) 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Activity Data Generated 

Water Level Measurements Groundwater Elevations 

Tracer Groundwater 
Investigation 

Install Upper Aquifer 
Wells 

Collect Aquifer Matrix 
Samples 

Groundwater Sampling 

Aquifer Testing 

Physical Testing 

Sediment Sampling 

Wetland Delineations 

Auger Probes 

4-21 

VOC Scan Data 

Boring Logs 
Construction Details 
Site stratigraphy 

Analytical results 

Analytical Data 

Permeability Data 

Grain Size; Porosity; TOC; 
Atterberg Limits 

Analytical Data 

Report by US Fish and Wildlife 

Waste extent and Hnu Readings 

Presentation 

Section 4 
Tables 2-5, 4-4, 4-6 
Figures 4-13 to 4-16, 4-19, 

Appendix 0 

Sections 3 and 5 
Figures 2-5 and 2-6 
Appendix J 

Section 4 
Table 2-1, 2-3, and 4-2 
Appendices D and E 
Figures 4-2 to 4-7 

Figure 2-3 
Appendices Q and R 

Section 5 
Appendices K, Q and R 

Section 4 
Tables 2-4, 4-5, 4-7 
Figure 4-12 
Appendix I 

Section 4 
Tables 2-2, 4-3 
Appendix F 

Section 5 
Figure 2-4 
Appendices Q and R 

Appendix N 

Section 3 
Appendix G 



Activity 

Soil borings and Soil 
Sampling 

Site Stratigraphy 

Field measurements of 
pH, T, DO, Redox, 

Environmental Audit 
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TABLE 1-1 
(continued) 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Data Generated 

Analytical Data 
Boring Logs 
4-7. Table 4-2 
Waste Extent 

Groundwater quality 

Details of Site History/ 
Processes 

Presentation 

Section 3, 4 and 5 
Figures 2-1, 2-2, and 4-3 to 

Appendices D, Q and R 

Section 5 

Section 1 
Table 1-3 
Appendix B 

Appendix 



Disposal 
Practice 

Table 1-2 

Summary of Disposal Practices 
American Chemical Services, Inc. and Kapica Drum, Inc. 

American Chemical Services NPL Site 
Remedial Investigation 

Quantity Location 

AMERICAN CHEMICAL SERVICE, INC. 

Landfilling 1955-1977 

1956-1975 

55 gal. drums of PCB 
contaminated waste 

Non-reclaimable still bottoms 

Drums containing solidified 
materials Ex: Latex paint, solid 
resin 

Distillation bottoms 

Solid material rec'd for 
reclamation 

Solid material rec'd for 
incineration 

Paper 

Incinerator ashes 

Ignitable and corrosive 
hazardous wastes 

Chlorinated solvent, acetone 
and MEK bottoms 

Spent cresylic acid, cyanide and 
chromium from plating 

Lead pigments 

Empty bottles that had 
contained 2,4,D and 2,4,5-TP 

1 tank truck containing 500 
gallons solidified paint 

Off-site Containment Area 

6 drums 

10,000 cy 

68 cy 

Several 100 cases 

Comments 

Containers punctured as they 
were landfilled 



Disposal 
Practice 

Landfill ing 

Landfilling 

Landfill i ng 

Pond Disposal 

Hid 60's 

1969-1975 

1955-1967 

1955-19n 

1968-1976 

Table 1-2 
(continued) 

Summary of Data Collected During Rl 
American Chemical Services NPL Site 

Remedial Investigation 

Sludge and semi-solids of 
unknown type 

Solids in drums-questionable 
as to content, but probably 
solvent solids of benzene, 
Amylacetate, dimethyl 
aniline, diethylether 

Trash 

Retained samples (contained 
hazardous substances) 

Still bottoms sludges from 
reclamation processes 
sludges containing 
1,1,1-trichloroethane, 
trichloroethylene, 
methylene chloride, toluene, 
benzene, and other low boiling 
solvents 

Partially filled drums of 
semi-solid paint, lacquer 
and ink waste 

Aqueous phase containing 
small quantities of organic 
(some hazardous) solvents 

Quantity 

400 drums 

200 drums 

10 gal/wk 

253,510 gal 
still bottoms 
sludge and 
2,000 
partially 
filled drums 

41,612 gal 
sludge; 1,000 
partially 
filled drums 

Location 

On-site Containment area 

Treatment Pond #1 or 
Off-site Containment Area 

City of Griffith Indiana 
Landfill 

Old Still Bottoms Pond 
(125' dia x 4.5' deep) 

Old Treatment Pond #1 
(180' x 70' x 3' deep) 

Treatment Pond #2 
(fire Pond) (180'x70'x10' 
deep> 

Conments 

During this time the 2,4,D and 
2,4,5-TP plus an unknown amount 
of DDT was incinerated 

Treatment Pond #1 and the still bottoms 
pond were filled and sealed in 1972. 
During closing the liquid portion of 
Treatment Pond #1 and the Still Bottom 
Pond were drained leaving the heavy 
sludges. DrlJIIS were placed on top of 
the pond, pu1Ctured and crushed. Ponds 
were "closed off" by sand fill and 
compacting 

Supposedly biodegradable wastewater 
overflow from Treatment Pond #1 and API 
oil decanter was discharged here. 
Overflow from Treatment Pond #2 went 
to the marsh from 1968-1974 and to the 
POT~ from 1974 to present 



Disposal 
Practice 

Treatment Pond 
Inter-connections 

API Oil 
Decanter 

Trenches 

1963-1967 

1955-1976 

1955-1976 

1963·1976 

Table 1·2 
Continued 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

1,1,1-trichloroethane, trich· 
loroethylene, methylene 
chloride, toluene, benzene and 
other low boiling solvents 

Reclamation residues contain· 
i ng above-mentioned cClq)OUI'Ids 

Reclamation residues contain· 
i ng above-mentioned cClq)OUI'Ids 

Aqueous phase w/small 
quantities of organic (some 
hazardous) solvents 

Quantity Location 

API oil decanter 

Trench #1 (1'x2'x125') 

Trench #2 (1'x2'x110') 

Trench #3 (1'x2'x70') 

KAPICA DRUM, INC. (Later Pazmey Corp.) 

DISPOSAL OF CONTENTS 

1961·1971 

1978·1980 

If drums sent to Kapica 
contained liquid, the contents 
were dumped on the ground 

OR 

Combined to generate full drums 

Paint residue sludge from 
Kapica Drums, Inc. 

330 ydl 

2,500 drums 

250 gal/wk 

Kapica Dump site 

Griffith Sanitary 
Landfill 

ACS sludge box 

Conments 

Dimensions are 15'x15'x5' 
1963·1967-wastewater flowed directly to 
marsh 
1967-1972-wastewater flowed to TP #1 
then to marsh 
1972·1974-wastewater flowed to TP #2 
then to marsh 

Conducted wastewater to Trench #2 

1955·1963-conducted wastewater from 
reclamation facility to marsh 
1963-1976-to API oil decanter 
Replaced in 1976 by a close-pipe system 

(1963-1967): conducted wastewater from 
API oil decanter to marsh. All 
trenches are presently filled, and the 
area is used as a roadway 

For disposal of Gary Development 
Landfill 



Disposal 
Practice 

DISPOSAL OF RINSE WATER 

1961-1971 

Dr1.111 Washing 1962-1983 

Dr1.111 
Reconditioning 1962-July 

1980 

1962-1980 

Notes: 

Unknown 

Liquid Waste 

Table 1-2 
Continued 

Summary of Data Collected During Rl 
American Chemical Services NPL Site 

Remedial Investigation 

Quantity Location 

Unknown West end of Kapica property 

Flowed intermittently onto 

Coornents 

ACS property from Kapica Drums, 
Inc. and Pazmey Corp. 

Empty dri.I11S from ACS were 
picked up and reconditioned by 
Kapica 

1,000 gal. HlD containing 600 
lbs. NeOH(s) + 400 lbs 
Na3P04(s) 

3 times/year 

Kapica Drums 

Unknown 

After August, 1980, ACS bought new 
drums from Kapica (who sold out to 
Pazmey in 2/80) 

Used for washing drums at Kapica 

Table has been modified from: "Initial Site Evaluation", Camp Dresser and McKee, Inc., March 26, 1985, Table 3. 
Information contained in Table 3 is from the ACS response to U.S. EPA Request for Information (October 18, 1984). 
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TABLE 1-1 
Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Activity 

PHASE I 

Review avail. info. 

Survey Site Boundaries 

Geophysical Survey 

Surface Water Survey 

Install Piezometer Grid 

Install Monitoring Wells 

Install Leachate Wells 

Effluent Sampling 

Perimeter Well Sampling 

Leachate Well Sampling 

Data Generated 

Site History, Physical Setting 
Local Groundwater Usage 

Site Grid 
Site Boundary Location 

EM Survey (Off & On-Site) 
Magnetic Survey (Off-Site) 
EM In-Phase (Still Bottoms) 

Surface Water Measurement 
Locations 

Groundwater Elevation 
Measurement Locations 

Boring Logs 
Construction Details 
Site Stratigraphy 

Construction Details 

Analytical data 

Analytical Data 

Analytical Data 

Presentation 

Sections 1,4 
Figures 4-1, 4-8, 4-11 
Tables 1-2, 1-3, 2-6 
Appendices ~ B, L 

Figure 1-1 

Section 3 
Appendix C 

Figure 2-3 

Figure 2-3 
Table 2-1 

Section 4 
Figures 4-2 to 4-7 
Tables 2-1, 2-3, 4-2 
Appendices D, E and K 

Section 4 
Figure 2-3 
Table 2-1 

Appendices Q and R 

Section 5 
Appendices K, Q and R 

Section 5 
Appendices K, Q and R 



T 
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Date 

Aug 19, 1980 

Sep 9, 1980 

1981 

July 1982 

June 1983 

Sep 1983 

1984 

1984 

Nov 29, 1984 

1986 

1987 

Mar 1987 

Apr 1988 

June 30, 1988 

July 1989 

TABLE 1-3 
(Continued) 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Event 

U.S. EPA requires ACS to provide containment measures to 
prevent oily discharge from the Off-Site Containment Area. 

U.S. EPA FIT performs on-site investigation/inspection. 
Leachate springs and vegetation damage noted in Off-Site 
Containment Area. 

Aerial photograph available (Appendix A). 

U.S. EPA FIT installs four monitoring wells at ACS Site. 

ACS receives a composite HRS Score of 34.98. 

Pazmey Corporation receives notice of violation from ISBH for 
allowing run-off of caustic rinsewater onto the ground. 

Seven private wells are sampled in the Site vicinity by the Lake 
County Health Department. 

ATEC performs a Preliminary Hydrogeologic Site Assessment 
for ACS. 

Site Assessment is performed by the U.S. EPA TAT centering 
on the Off-Site Containment Area and the area of Treatment 
Lagoon #1. 

Steering Committee formed by PRPs to organize, oversee, and 
determine funding of RI/FS. 

Operation of Kapica Drum/Pazmey Corp. discontinued. 

Roy F. Weston develops Final Work Plan for ACS for U.S. 
EPA. 

Warzyn Engineering Inc. develops a Work Plan for the ACS 
RifFS and receives U.S. EPA approval. 

Effective date of Administrative Order of Consent (AOC). 

Phase I field work commences at the ACS Site. 



Date 

June 1, 1989 

Mar 1990 
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TABLE 1-3 
(Continued) 

Summary of Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Event 

U.S. EPA TAT conducts soil and groundwater sampling at the 
Griffith Landfill. 

Phase II investigation commences at the ACS Site. 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 
American Chemical Services NPL Site 
Remedial lnveetlgatlon 

Griffith Indiana 0 

Ground Surface Elevation (ft MSL) 

Total Depth of Boring (ft) 

T.O.I.C. Elevation (ft MSL) 

Well Materials 

Screen Materials 

Screen Length (ft) 

Slot Size (In) 

Geologic Formation at Screen 

Depth to Clay 

Elevation of Clay 

Top of Seal- Depth (ft) 

- Elevation (ft MSL) 

Top of Sand Pack- Depth (ft) 

- Elevation (ft MSL) 

Top of Screen -Depth (ft) 

- Elevation (ft MSL) 

Bottom of Well Point - Depth (ft) 

- Elevation (ft MSL) 

Map Coordinates: North 

Eaet 

Completion Date 

NOTES: T.O.I.C.- Top of Inner Well Casrng 

ID - Inside Diameter 

SS - Stalnlese Steel 
MSL -Mean Sea Level 

NA -Data Not Available 

MW-{)1 MW-o2 

635.7 634.8 

17.0 22.0 

638.16 638.14 

2"1D ss 2"1D ss 

2"1D ss 2"1D ss 

10.0 10.0 

0.010 0.010 

F-M Sand F-M Sand 

15.0 19.0 

620.7 615.8 

2.1 2.0 

633.6 632.8 

3.1 3.8 

632.8 631.0 

4.5 6.5 

631.2 828.3 

14.5 16.5 

821.2 818.3 

5783.0 8838.7 

4304.6 5033.1 

25-Jul-89 24-Jul-89 

MW-o3 MW-o4 MW-o5 

634.1 638.2 639.4 

15.0 20.0 22.0 

636.56 641.06 642.20 

2"1D ss 2"1D ss 2"1D ss 

2"1D ss 2"1D ss 2"1D ss 

10.0 10.0 10.0 

0.010 0.010 0.010 

F-M Sand F-M Sand F-M Sand 

14.0 19.5 21.0 

820.1 618.7 618.4 

1.5 4.0 3.0 
632.8 634.2 636.4 

3.5 5.3 5.0 
830.8 632.9 634.4 

4.5 7.0 7.5 
829.8 631.2 631.9 

14.5 17.0 17.5 

819.8 621.2 821.9 

7358.7 7126.3 6482.0 

5340.6 6112.2 5788.1 

21-Jul-89 20-Jul-89 19-Jul-89 

MW-o6 MW-{)7 MW-{)8 MW-{)9 MW-10 MW-10C MW-11 

653.0 638.7 638.2 635.9 633.0 634.7 637.5 

34.0 50.0 47.0 35.0 35.0 25.0 21.0 

655.25 641.51 640.49 639.05 635.58 637.59 &40.52 

2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 

2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 2"1D ss 

10.0 5.0 5.0 5.0 5.0 5.0 10.0 

0.010 0.010 0.010 0.010 0.010 0.010 0.010 

F-M Sand F-M Sand F-M Sand F-M Sand F-M Sand F-M Sand F-M Sand 

32.0 20.5 21.2 16.6 13.8 15.7 20.3 

821.0 818.2 817.0 819.3 619.2 610.0 617.2 

15.0 30.0 31.0 23.8 24.0 15.4 2.5 
638.0 608.7 607.2 612.3 800.0 819.3 835.0 

17.0 38.0 33.5 26.0 26.7 17.7 4.8 
838.0 800.7 604.7 809.9 808.3 617.0 632.7 

20.0 42.8 40.0 30.0 30.0 20.0 7.5 
633.0 595.9 598.2 805.9 803.0 614.7 630.0 

30.0 47.8 45.0 35.0 35.0 25.0 17.5 
623.0 590.9 593.2 600.9 598.0 609.7 620.0 

5520.1 6732.1 7508.4 8990.5 n83.5 7553.5 7328.8 

5297.6 6112.4 5934.1 4893.1 5199.7 5229.3 63n.4 

18-Jul-89 14-Mar-90 HI-Mar-90 21-Mar-90 01-May-90 03-Apr-90 20-Mar-90 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 
American Chemical Servlcee NPL Site 
Remedial lnveetlgatlon 
Griffith Indiana 

Ground Surface Elevation (It MSL) 

Total Depth of Boring (It) 

T.O.I.C. Elevation (It MSL) 

Well Material• 

Screen Material• 

Screen Length (It) 

Slot Size (In) 

Geologic Formation at ScrNn 

Depth to Clay 

Elevation of Clay 

Top of Seal -Depth (It) 
- Elevation (It MSL) 

Top of Sand Pack- Depth (It) 

- Elevation (It MSL) 

Top of Screen- Depth (It) 
- Elevation (It MSL) 

Bottom of Well Point - Depth (It) 
- Elevation (It MSL) 

Map Coordlnatee: North 
Eaet 

Completion Date 
NOTES: T.O.I.C.- Top of Inner Well Casrng 

ID - lnelde Diameter 
SS - Stainless Steel 
MSL - Mean Sea Level 
NA - Data Not Available 

MW-12 MW-13 

839.7 831.9 

22.5 15.0 

842.79 834.17 

2"1D ss 2"1D ss 

2"1D ss 2"1D ss 

10.0 10.0 

0.010 0.010 

F-M Sand F-M Sand 

20.2 12.8 

619.5 619.1 

2.8 1.0 
838.9 830.9 

6.1 2.0 
834.6 629.9 

7.6 3.3 
832.2 628.6 

17.6 13.3 
622.2 618.6 

8351.7 7814.4 

6018.6 5051.4 

30-Mar-90 04-Apr-90 

MW-14 MW-15 MW-16 

838.0 835.2 838.3 

17.0 17.0 17.0 

838.69 837.91 838.54 

2"1D ss 2"1D ss 2"1D ss 

2"1D ss 2"1D ss 2"1D ss 

10.0 10.0 10.0 

0.010 0.010 0.010 

F-M Sand F-M Sand F-M Sand 

16.8 14.9 16.8 

619.2 620.3 619.5 

1.5 2.0 2.3 
834.6 833.2 834.0 

3.0 3.0 4.0 
833.0 832.2 832.3 

6.6 4.4 6.0 
830.5 830.8 830.3 

16.5 14.6 16.0 
620.5 620.7 620.3 

6995.3 5002.2 6596.4 
4881.6 4719.6 5065.2 

04-Apr-90 04-Apr-90 05-Apr-90 

MW-17 MW-18 LW-Q1 LW-Q2 LW~3 LW~4 P~1 

848.3 845.4 842.4 847.4 843.3 841.5 841.2 

25.0 23.5 25.0 27.6 23.6 28.5 12.5 

847.10 844.88 844.61 849.89 845.83 843.30 842.86 

2"1D ss 2"1D ss 2"1D PVC 2"1D PVC 2"1D PVC 2"1D PVC 1.5" PVC 

2"1D ss 2"1D ss 2"1D PVC 2"1D PVC 2"1D PVC 2"1D PVC 1.5" PVC 

10.0 10.0 10.0 10.0 10.0 10.0 5.0 

0.010 0.010 0.010 0.010 0.010 0.010 0.010 

F-M Sand F-MSand Refu88 Refu88 Refu88 Refu88 Sand 

NA 20.0 23.0 28.0 NA 27.0 NA 

NA 625.4 619.4 821.4 NA 614.6 NA 

8.3 7.0 9.0 13.0 8.0 12.0 0.0 
840.0 838.4 833.4 834.4 835.3 629.6 841.2 

10.0 9.5 11.0 14.6 11.3 14.0 6.0 
838.3 835.9 831.4 832.9 832.0 827.5 835.2 

13.0 12.0 14.5 17.6 13.6 17.0 7.0 
835.3 833.4 627.9 629.9 629.8 824.6 834.2 

23.0 22.0 24.6 27.6 23.6 27.0 12.0 
625.3 623.4 617.9 619.9 619.8 614.5 629.2 

56IT.3 5745.7 5070.4 5484.9 5821.0 6132.2 8365.2 
5656.3 5836.4 4806.8 4662.4 4482.6 4229.1 5699.7 

05-Apr-90 29-Jun-90 12-Jul-89 13-Jul-89 13-Jul-89 14-Jul-89 05-Jul-89 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 
American Chemical Services NPL Site 
Remedial lnveetigation 

Griffith Indiana 

Ground Surface Bevation (ft MSL) 

Total Depth of Boring (ft) 

T.O.J.C. Bevation (ft MSL) 

Well Materials 

Screen Materials 

Screen Length (ft) 

Slot Size (in) 

Geologic Formation at Screen 

Depth to Clay 

Elevation of Clay 

Top of Seal -Depth (ft) 

- Elevation (ft MSL) 

Top of Sand Pack- Depth (ft) 

- Elevation (ft MSL) 

Top of Screen- Depth (ft) 

- Elevation (ft MSL) 

Bottom of Well Point - Depth (ft) 
- Elevation (ft MSL) 

Map Coordinates: North 

Eaet 

Completion Date 
NOTES: T.O.J.C.- Top of Inner Well Casing 

ID - Inside Diameter 
SS - Stainle88 Steel 
MSL - Mean Sea Level 
NA -Data Not Available 

P~2 

842.5 

12.0 

845.59 

1.5" PVC 

1.5" PVC 

5.0 

0.010 

Sand 

NA 

NA 

0.0 

842.5 

5.0 

637.5 

6.5 
838.0 

11.5 
631.0 

6165.1 
ssn.3 

05-Jul-89 

P~3 P~4 P~5 P-<>6 

838.0 838.9 835.6 636.7 

10.0 10.0 10.0 10.0 

639.89 639.28 838.62 838.n 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

5.0 5.0 5.0 5.0 

0.010 0.010 0.010 0.010 

Sand Sand Sand Sand 

NA NA NA NA 

NA NA NA NA 

0.0 0.0 0.0 0.0 

838.0 636.9 635.6 636.7 

2.5 2.0 2.0 3.0 

835.5 634.9 633.6 633.7 

4.0 3.0 3.5 5.0 
634.0 633.9 632.1 631.7 

9.0 8.0 8.5 10.0 
629.0 628.9 627.1 626.7 

6469.4 6228.2 6510.2 6550.9 
5452.8 5432.2 5285.1 5148.1 

06-Jul-89 06-Jul-89 06-Jul-89 06-Jul-89 

P~7 P~8 P~9 P-10 P-11 P-12 P-13 

841.2 636.8 637.8 846.9 847.0 846.7 649.4 

15.0 6.0 9.0 20.0 15.0 20.0 20.0 

643.64 639.21 838.90 649.37 649.17 650.11 651.48 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 

0.010 0.010 0.010 0.010 0.010 0.010 0.010 

Sand Sand Sand Sand Sand Sand Sand 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

0.0 0.0 0.0 10.0 5.0 9.5 10.0 
641.2 636.8 637.8 636.9 642.0 637.2 639.4 

6.0 1.0 1.5 12.0 7.0 11.5 12.0 

835.2 635.8 636.3 634.9 640.0 835.2 637.4 

10.0 1.5 3.0 15.0 10.0 14.0 15.0 

631.2 835.3 634.8 631.9 637.0 632.7 634.4 

15.0 6.5 8.0 20.0 15.0 19.0 20.0 

626.2 630.3 629.8 626.9 632.0 627.7 629.4 

6639.5 6734.8 6994.0 5851.6 5900.0 5722.7 5735.0 
5949.8 6157.0 6134.3 5413.0 5199.3 5076.3 4878.1 

07-Jui-89 07-Jul-89 07-Jul-89 10-Jul-89 10-Jul-89 11-Jul-89 11-Jul-89 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 

American Chemical Services NPL Site 
Remedlallnveetlgatlon 

Griffith Indiana 0 

Ground Surface Elevation (ft MSL) 

Total Depth of Boring (ft) 

T.O.I.C. Elevation (ft MSL) 

Well Material• 

Screen Material• 

Screen Length (ft) 

Slot Size (In) 

Geologic Formation at Screen 

Depth to Clay 

Elevation of Clay 

Top of Seal- Depth (ft) 
- Elevation (ft MSL) 

Top of Sand Pack- Depth (ft) 

- Elevation (ft MSL) 

Top of Screen - Depth (ft) 
- Elevation (ft MSL) 

Bottom of Well Point - Depth (ft) 

- Elevation (ft MSL) 

Map Coordinates: North 

Ealt 

Completion Date 
NOTES: T.O.I.C.- Top of Inner Well Casing 

ID - Inside Diameter 

SS - Stainless Steel 
MSL - Mean Sea Level 
NA - Data Not Available 

P-14 

647.4 

20.0 

649.35 

1.5" PVC 

1.5" PVC 

5.0 

0.010 

Sand 

NA 

NA 

0.0 
647.4 

7.0 

640.4 

13.0 
634.4 

18.0 

629.4 

5965.0 

4954.8 

11-Jul-89 

P-15 P-16 P-17 P-18 

637.4 646.2 648.5 844.3 

8.0 20.0 20.0 13.0 

639.06 647.84 650.62 647.97 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

5.0 5.0 5.0 5.0 

0.010 0.010 0.010 0.010 

Sand Sand Sand Sand 

NA NA NA NA 

NA NA NA NA 

0.0 10.0 9.0 2.0 
837.4 636.2 639.5 642.3 

1.5 12.0 11.5 4.0 

635.9 634.2 637.0 640.3 

3.0 15.0 15.0 8.0 

634.4 631.2 633.5 636.3 

8.0 20.0 20.0 13.0 

629.4 626.2 628.5 631.3 

6197.6 5747.5 6009.2 6222.7 
4884.1 4672.9 4628.4 4631.7 

11-Jul-88 11-Jul-89 12-Jul-89 12-Jul-89 

P-19 P-20 P-21 P-22 P-23 P-24 P-25 

637.5 640.1 632.3 632.2 632.5 633.3 632.1 

10.0 12.0 8.0 10.0 NA NA NA 

639.64 643.15 634.81 634.33 636.17 636.08 035.33 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 1.5" PVC 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 

0.010 0.010 0.010 0.010 0.010 0.010 0.010 

Sand Sand Sand Sand Sand Sand Sand 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

0.0 3.4 0.0 2.5 NA NA NA 

637.5 636.7 632.3 629.7 NA NA NA 

2.5 5.0 1.5 3.6 NA NA NA 
635.0 635.1 630.8 628.6 NA NA NA 

5.0 6.0 2.5 5.0 NA NA NA 
632.5 634.1 629.8 627.2 NA NA NA 

10.0 11.0 7.5 10.0 NA NA NA 
627.5 629.1 624.8 622.2 NA NA NA 

5043.4 6233.2 6475.2 6731.8 7018.4 7178.0 7488.7 
4976.9 5104.3 4834.4 4635.7 4688.5 5001.5 5156.2 

12-Jul-89 25-Jul-89 25-Jul-89 25-Jul-89 NA NA NA 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 
American Chemical Services NPL Site 
Aemedlallnveetlgatlon 
Griffith Indiana 

Ground Sur1ace Elevation (ft MSL) 

Total Depth of Boring (ft) 

T.O.I.C. Elevation (ft MSL) 

Well Material• 

Screen Materials 

Screen Length (ft) 

Slot Size (In) 

Geologic Formation at Screen 

Depth to Clay 

Elevation of Clay 

Top of Seal -Depth (ft) 

- Elevation (ft MSL) 

Top of Sand Pack- Depth (ft) 
-Elevation (ft MSL) 

Top of Screen - Depth (ft) 

- Elevation (ft MSL) 

Bottom of Well Point - Depth (ft) 

- Elevation (ft MSL) 

Map Coordinates: Nor1h 
Eaat 

Completion Date 
NOTES: T.O.I.C.- Top of Inner Well Casing 

ID - Inside Diameter 
SS - Stainless Steel 
MSL - Mean Sea Level 
NA - Data Not Available 

P-26 P-27 

631.2 636.0 

8.0 10.0 

634.23 639.68 

1.5• PVC 1.5• PVC 

1.5• PVC 1.5• PVC 

5.0 5.0 

0.010 0.010 

Sand Sand 

NA NA 

NA NA 

0.0 1.6 
631.2 634.4 

1.0 3.5 
630.2 632.5 

2.0 5.0 
629.2 631.0 

7.0 10.0 

624.2 628.0 

7380.8 7020.4 

4728.5 4903.7 

28-Jul-89 28-Jul-89 

P-28 P-29 P-30 

640.8 638.5 639.6 

14.5 10.0 10.0 

644.53 642.34 642.49 

1.5• PVC 1.5• PVC 1.5• PVC 

1.5• PVC 1.5• PVC 1.5• PVC 

5.0 5.0 5.0 

0.010 0.010 0.010 

Sand Sand Sand 

NA NA NA 

NA NA NA 

4.0 0.0 0.0 
636.8 638.5 639.6 

5.5 2.3 3.2 
635.3 636.2 638.4 

6.5 3.0 4.0 
634.3 635.5 635.6 

11.5 8.0 9.0 
829.3 630.5 630.8 

7485.8 8619.0 6815.8 
5882.8 5738.0 5808.5 

28-Jul-89 07-Aug-89 07-Aug-89 

P-31 P-32 P-33 P-34 P-35 P-36 P-37 

638.2 639.3 637.2 637.1 637.9 641.9 639.3 

10.0 10.0 10.0 10.0 10.0 15.0 10.0 

641.05 641.79 640.08 639.38 641.72 644.82 641.37 

1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 

1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 1.5• PVC 

5.0 5.0 5.0 5.0 5.0 5.0 5.0 

0.010 0.010 0.010 0.010 0.010 0.010 0.010 

Sand Sand Sand Sand Sand Sand Sand 

NA NA NA NA NA NA NA 

NA NA NA NA NA NA NA 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
638.2 639.3 637.2 637.1 637.9 641.9 639.3 

2.4 2.0 2.3 2.8 1.5 4.5 3.0 
835.8 637.3 634.9 634.3 636.4 637.4 636.3 

4.0 4.0 4.0 5.0 3.0 7.0 5.0 
634.2 635.3 633.2 632.1 634.9 634.9 634.3 

9.0 9.0 9.0 10.0 8.0 12.0 10.0 
829.2 630.3 828.2 827.1 829.9 829.9 829.3 

7159.0 7007.9 7130.3 8692.0 8583.5 6842.0 8848.9 
5480.3 5741.8 5218.7 5279.7 5508.7 5412.1 5329.7 

07-Aug-89 07-Aug-89 08-Aug-89 08-Aug-89 08-Aug-89 08-Aug-89 08-Aug-89 



TABLE 2-1 
SUMMARY OF 
WELL CONSTRUCTION DETAILS 
American Chemical Service• NPL Site 
Remedial lnveetlgation 
Griffith Indiana 

Ground Surface Elevation (ft MSL) 

Total Depth of Boring (ft) 

T.O.I.C. Elevation (ft MSL) 

Well Materials 

Screen Materials 

Screen Length (ft) 

Slot Size (In) 

Geologic Formation at Screen 

Depth to Clay 

Elevation of Clay 

Top of Seal -Depth (ft) 
- Elevation (ft MSL) 

Top of Sand Pack- Depth (ft) 
- Elevation (ft MSL) 

Top of Screen - Depth (ft) 
- Elevation (ft MSL) 

Bottom of Well Point - Depth (ft) 
- Elevation (ft MSL) 

Map Coordinates: North 
Eaet 

Completion Date 
NOTES: T.O.I.C.- Top of Inner Well Caemg 

ID - Inside Diameter 
SS - Stalnle11 Steel 
MSL - Mean Sea Level 
NA - Data Not Available 

V251RI TABLE 2-1/T JM/PJV 

P-38 

837.8 

10.0 

839.87 

1.5" PVC 

1.5" PVC 

5.0 

0.010 

Sand 

NA 

NA 

0.0 
837.8 

3.3 
834.5 

5.0 

832.8 

10.0 
827.8 

8992.3 
5148.8 

08-Aug-89 

P-39 P-40 P-41 

838.8 838.5 835.8 

10.0 10.0 10.0 

841.49 839.31 838.53 

1.5" PVC 1.5" PVC 1.5" PVC 

1.5" PVC 1.5" PVC 1.5" PVC 

5.0 5.0 5.0 

0.010 0.010 0.010 

Sand Sand Sand 

NA NA NA 

NA NA NA 

0.0 0.0 0.0 
838.8 838.5 835.8 

2.5 0.7 1.0 
838.3 835.8 834.8 

4.0 2.0 2.0 
834.8 834.5 833.8 

9.0 7.0 7.0 
829.8 829.5 828.8 

8902.0 7228.9 7353.1 
5939.7 5879.9 5702.1 

10-Aug-89 10-Aug-89 10-Aug-89 



TABLE2-2 
Summary of Laboratory Physical Soil Analysis 
American Chemical Services NPL Site 
Remedlallnveetigation 
Griffith Indiana 

Sample Bottom 
Hydrogeological Depth Elevation 

Unit (ft) (mal) 

VadoaeZone 3.5-5.0 830.7 

VadoaeZone 3.5-5.0 829.8 

VadoaeZone 1.0-2.5 831.8 

VadoaeZone 3.5-5.0 833.2 

VadoaeZone 3.5-5.0 834.4 

VadoaeZone e.o-7.5 845.5 

Upper Aquifer 13.5-15.0 820.7 

Upper Aquifer 11.0-12.5 822.3 

Upper Aquifer 11.0-12.5 821.8 

Upper Aquifer 11.o-12.5 825.7 

Upper Aquifer 8.5-10.0 829.4 

Upper Aquifer 21.0-22.5 830.5 

Upper Aquifer 10.0-17.0 821.7 

Upper Aquifer 10.0-16.0 619.9 

Well Material 
Number Description (USCS) 

MW-1 Black Fine SAND, 
Some Silt, Little Clay (SM) 

MW-2 Brown Fine-Medium SAND, Little 
Silt & Clay, Trace Gravel (SP-SM) 

MW-3 Brown Fine SAND, 

Trace Silt & Clay (SP) 

MW-4 Brown Fine-Coarae SAND, Little 
Gravel, Trace Silt & Clay (SP) 

MW-5 Brown Flne-Coarae SAND, Little 
Gravel & Silt, Trace Clay (SP-sM) 

MW-8 Brown Ane SAND, Trace Clay 
(SP) 

MW-1 Gray Fine SAND, 
Trace Silt & Clay (SP) 

MW-2 Gray Fine-Coarse SAND, Little 
Silt, Trace Clay & Gravel (SP-SM) 

MW-3 Gray Fine-Medium SAND, 
Trace Silt & Clay (SP-SM) 

MW-4 Brown Fine-Coarae SAND, Little 
Gravel, Trace Silt & Clay (SP-SM) 

MW-5 Gray Flne-Coarae SAND & GRAVEL, 

Little Silt, Trace Clay (SP-GM) 

MW-8 Brown Fine-Coarse SAND, 

Trace Silt, Clay & Gravel (SP) 

MW-7 Brown Fine-Coarse SAND, Little 

Gravel & Silt, Trace Clay (SP-SM) 

MW-9 Brown Fine-Medium SAND, Little 
Silt, Trace Clay & Gravel (SP-SM) 

Initial Total 
Moieture Wet Sieve Hydrometer Porosity Organic 

Content(%) %Gr %Sand %Silt %Clay Carbon( a) 

25.4 0.0 81.5 12.5 8.1 NM NM 

18.4 1.3 85.5 8.3 8.8 NM NM 

21.7 0.0 95.8 1.8 2.7 NM NM 

21.7 7.1 84.8 4.2 4.1 NM NM 

13.0 10.2 78.8 8.5 4.3 NM NM 

3.7 0.0 88.7 0.3 1.0 NM NM 

15.8 0.0 95.8 2.8 1.4 NM NM 

19.4 2.0 87.8 8.0 4.2 NM NM 

22.1 0.0 92.8 4.4 3.0 NM NM 

15.8 8.9 83.5 4.8 3.0 NM NM 

18.4 43.2 47.4 8.8 2.8 NM NM 

19.0 1.0 94.4 2.4 2.2 NM NM 

NM 7.8 83.2 8.4 2.8 0.278 14000 

NM 1.1 88.9 5.5 4.5 0.311 2900 



TABLE 2-2 (con't) 
Summary of Laboratory Physical Soil Analysis 
American Chemical Services NPL Site 
Remedial Investigation 

Semple Bottom 
Hydrogeological Depth Elevation 

Unit (ft) (mel) 

Lower Aquifer 45.0-50.0 588.7 

Lower Aquifer 26.0-35.0 800.9 

Confining Layer 15.0-17.0 618.7 

Confining Layer 20.0-22.0 612.8 

Confining Layer 15.0-17.0 817.1 

Confining Layer 18.0-20.0 818.2 

Confining Layer 21.0-23.0 818.4 

Confining Layer 32.0-34.0 819.0 

Confining layer 23.0-25.0 813.7 

Confining layer 21.0-23.0 612.8 

Note a: 

Well Material 

Number Description (USCS) 

MW-7 Brown Fine-Medium SAND, Trace 
Silt, Clay & Gravel (SP-SM) 

MW-9 Brown Fine-Medium SAND, Little 
Silt, Trace Clay & Gravel (SP-SM) 

MW-1 Gray Lean CLAY, Trace Sand (CL) 

MW-2 Gray Lean CLAY, Trace Sand (CL) 

MW-3 Gray Lean CLAY, Trace Sand (CL) 

MW-4 Gray Lean CLAY, Trace Sand (CL) 

MW-6 Gray Lean CLAY, Trace Sand (CL) 

MW-8 Gray Lean CLAY, Trace Sand (CL) 

MW-7 Brown Lean CLAY, Little Sand, 
Trace Gravel (CL) 
LL•33, Pl•19 

MW-9 Brown Lean CLAY, Some 

Sand, Little Gravel (CL) 

LL•21, Pl•10 

LL- Liquid Limit (The water content of the sample when it hae a ehear strength of 1 g/eq.cm) 

PL- Plastic Limit (The range in water content between the liquid limit and the plastic limit) 
Wet Sieve (Teet performed to measure percent of silt and clay in the sample) 

Hydrometer (Teet performed to meaeure percent of gravel and sand in the sample) 

(mal) - Elevation in Mean Sea Level 

NM - Not Meaeured 
Falling Head Permeability Teet wae performed on a relatively undisturbed 3-inch Shelby tube sample 
(a) -Total Organic Carbon (mglkg dry wt.) 

(b)- Total Organic Carbon Analyzed from jar sam plea not shelby tube samples 

V251RI TABLE 2-2/TJM/PJV 

Initial Total 
Moisture Wet Sieve Hydrometer Porosity Organic 

Content(%) %Gr %Sand %Silt %Clay Carbon( a) 

NM 1.4 82.3 4.4 1.8 0.295 8800 

NM 2.3 89.8 5.7 2.4 0.288 3100 

Average Permeability (K) 

(em/e) 

22.0 6.oE-o8 NM NM 

18.3 3.8E-o8 NM NM 

16.1 3.2E-oa NM NM 

14.4 8.7E-o7 NM NM 

18.2 5.8E-o8 NM NM 

18.5 3.8E-oa NM NM 

13.0 7.8E-o8 0.257 >18000(b) 

18.0 a.aE-o8 0.327 12000(b) 



Table 2-3 

Summary of Well Development Data 
American Chemical Service NPL Site 

Remedial Investigation 
Griffith, Indiana 

Depth or Water One Volume 
Well No. Date Well !&!d Column Volume Purged Comments 

MW01 7/26/89 16.86 5.34 11.52 1.9 20 No odor, cloudy 

MW02 7/26/89 18.21 6.55 11.66 1.9 20 Slight odor, cloudy 

MW03 7/27/90 17.16 4.53 12.63 2.1 25 Strong leachate odor, cloudy 

MW04 7/27/90 18.35 6.53 11.82 2.0 25 Strong odor, cloudy 

MW05 7/27/90 20.23 7.33 12.90 2.1 25 Slight odor, cloudy 

MW06 7/26/89 29.94 21.73 8.21 1.35 28.5 Slight odor, cloudy 

MW07 3/16/90 50.57 18.08 32.50 5.33 55 No odor, cloudy 

MW08 3/19/90 47.55 17.68 29.87 5.0 50 No odor, cloudy 

MW09 3/21/90 37.57 15.86 21.71 3.6 36 No odor, cloudy 

MW10 5/4/90 37.60 13.05 24.55 4.1 42 Slight odor, cloudy 

MW10C 7/12/90 -25 -7 -18 -3.0 5 Bubbling water and venting gas 

MWll 3/31J/90 20.55 4.79 15.76 2.6 3IJ No odor, cloudy 

MW12 4/2/90 20.55 6.80 13.75 2.2 25 No odor, cloudy 

MW13 4/5/90 15.55 3.08 12.47 2.1 21 Leachate odor, cloudy 

MW14 4/12/90 16.3/J 6.89 9.41 1.5 17 Medium recharge, slight odor, cloudy 

MW15 4/12/90 16.85 4.15 12.70 2.1 21 No odor, cloudy 

MW16 4/12/90 17.55 6.17 11.38 1.9 20 Strong leachate odor, cloudy 

MW17 4/12/90 22.85 12.25 10.60 1.8 20 Petroleum odor with oil sheen, cloudy 

MW18 6/31J/90 21.3/J 8.03 13.27 2.2 24 No odor, cloudy 

Notes: 

Depth of well and water level in feet below ground surface. 

Column in feet. 

Volumes in gallons. 

Volume purged at least 10 times one volume. 

251RI Table 2-3{flM/dms/CB 



Table 2-4. Summary of Aquifer Test Results. 

Upper Aquifer Wells 

EastSide 
Monitoring K 
Wells ft/min 

MW-4 2.8E-03 
MW-5 2.3E-02 
MW-6 2.9E-02 
MW-11 2.6E-03 6.3E-03 
MW-12 3.8E-02 
MW-15 4.0E-02 
MW-17 1.5E-01 
MW-18 6.9E-03 

Avg: 1.5E-02 ft/min 
Min: 2.6E-03 ft/min 
Max: 1.5E-01 ft/min 

WestSide 
Monitoring K 
Wells ft/min 

MW-1 3.5E-03 
MW-2 2.9E-03 
MW-3 4.2E-03 
MW-13 1.0E-02 
MW-14 4.3E-03 
MW-16 3.0E-04 

Avg: 2.9E-03 ft/min 
Min: 3.0E-04 ttl min 
Max: 1.0E-02 ft/min 

Upper Aquifer Summary 

Geometric Mean: 
(15 values) 

2.6E-04 ft/sec 
4.4E-05 ft/sec 
2.5E-03 ft/sec 

4.8E-05 ft/sec 
5.0E-06 ttl sec 
1.7E-04 ttl sec 

7 .9E-03 ft/min 
1.3E-04 ft/sec 

11.3 ft/day 

22.2 ft/day 
3.80 ttl day 
216 ft/day 

4.14 ttl day 
0.433 ft/day 

15.0 ttl day 



Table 2-4 (continued). Summary of Aquifer Test Results. 

Lower Aauifer Monitoring Wells 

Monitoring K 
Wells ft/min 

MW-7 4.6E-02 
MW-8 4.3E-02 
MW-9 4.2E-02 
MW-10 4.6E-02 

Avg: 4.4E-02 ft/min 7.4E-04 

Min: 4.2E-02 ft/min 7.0E-04 

Max: 4.6E-02 ft/min 7.7E-04 

Notes: 
Permeability values obtained by bail testing. 
Raw data and calculations are in Appendix I. 

ACSRI Table 2-4/PJV/JAW 

ft/sec 

ft/sec 

ft/sec 

63.6 ft/day 

60.34 ft/day 

66.2 ft/day 



TABLE2-5 
Water Levels and Elevations 
ACS NPL Site 
Griffith. Indiana --- . ------

Coordinates 
Location Eaet North 

P-1 5700 8385 

P-2 55n 8185 
P-3 5463 8489 
P-4 5432 8228 
P-5 5285 8510 
P-8 5148 8551 
P-7 5950 8840 
P-8 8157 8735 
P-9 8134 8994 
P-10 5413 5852 
P-11 5199 5900 
P-12 5078 5723 
P-13 4878 5735 
P-14 4955 5985 
P-15 4884 8198 
P-18 4873 5748 
P-17 4828 8009 

P-18 4832 8223 
P-19 49n 5043 
P-20 5104 8233 
P-21 4834 8475 
P-22 4838 8732 
P-23 4889 7018 
P-24 5002 7178 
P-25 5158 7489 

P-28 4727 7381 
P-27 4904 7020 
P-28 5883 7488 
P-29 5738 88111 
P-30 5807 8818 
P-31 5480 7159 
P-32 5742 7008 
P-33 5219 7130 

P-34 5280 8892 
P-35 5507 8584 
P-38 5412 8842 
P-37 6330 8949 
P-38 5149 8992 
P-39 5940 8902 
P-40 5880 7229 
P-41 5702 7353 

TOC 
842.85 
845.58 
839.89 
839.28 
838.82 
838.n 
843.84 
839.21 
838.90 
849.37 
849.17 
850.11 
851.48 
8411.35 
839.08 
847.84 
850.82 
847.97 
838.84 
843.15 
834.81 
834.33 
838.17 
838.08 
835.33 
834.23 
839.88 
844.53 
842.34 
842.49 
841.05 
841.79 
840.08 
839.38 
841.72 
844.82 
841.37 
839.87 
841.49 
839.31 
838.53 

Auguet 17, 1989 September 8, 1989 

Ground Clay Depth to Water Depth to Water 

Elev Elev Water Elev Water Elev 

841.2 8.81 834.24 8.32 834.63 
842.5 11.55 834.04 11.38 834.23 

838.0 5.72 834.17 5.23 834.88 
838.9 5.42 833.88 5.22 834.08 
835.8 3.58 833.04 2.84 833.98 
838.7 8.87 832.10 5.93 832.84 
841.2 9.30 834.34 8.89 834.75 

838.8 4.99 834.22 4.47 834.74 

837.8 4.78 834.12 4.28 834.82 

848.9 15.73 833.84 15.85 833.72 

847.0 15.52 833.85 15.84 833.53 

848.7 18.88 833.25 18.83 833.28 
849.4 18.33 833.15 18.35 833.13 
847.4 15.57 833.78 15.48 833.87 
837.4 7.12 831.94 8.86 632.20 

848.2 14.40 833.44 14.31 833.63 
848.5 18.05 832.57 17.98 832.88 
844.3 3.35 844.82 3.04 844.93 
837.5 7.34 832.30 8.98 832.88 
840.1 10.05 833.10 11.37 833.78 

832.3 5.15 829.88 4.19 830.82 

632.2 7.21 827.12 5.82 828.71 
832.5 7.88 828.29 8.85 829.52 

833.3 5.71 830.37 4.48 631.80 
832.1 4.22 631.11 3.48 631.87 

631.2 4.87 829.38 3.62 830.81 

838.0 10.40 829.28 9.75 829.93 

840.8 11.80 632.93 10.93 833.80 
838.5 7.24 835.10 7.58 834.78 
839.8 7.90 834.59 7.47 835.02 

838.2 8.98 834.07 8.24 834.81 

839.3 7.54 834.25 7.03 834.78 

837.2 8.82 833.28 4.87 835.21 

837.1 5.78 833.82 4.91 834.47 

837.9 7.37 834.35 8.92 834.80 

841.9 10.28 834.58 9.54 635.28 

639.3 8.39 834.98 5.71 635.88 

637.8 8.63 833.24 5.29 834.58 

838.8 7.92 833.57 8.72 834.n 

838.5 5.45 833.88 4.84 834.47 

635.8 5.09 833.44 4.37 834.18 
--------

November 15, 1989 February 2, 1990 Aprile. 1990 July 18, 1990 September 13, 1990 

Depth to Water Depth to Water Depth to Water Depth to Water Depth to Water 

Water Elev Water Elev Water Elev Water Elev Water Elev 

8.48 834.39 7.19 835.88 
11.57 834.02 10.17 835.42 
5.37 834.52 4.44 835.45 

834.98 I 5.48 833.80 3.98 835.30 4.32 

2.47 834.15 1.94 834.88 2.82 833.80 
5.21 833.58 5.27 833.50 
8.80 834.84 7.78 835.88 
4.00 835.21 3.23 835.98 3.88 835.33 
3.72 835.18 3.22 835.88 

15.87 833.50 14.38 834.99 
18.05 833.12 14.57 834.80 14.48 834.89 
17.18 832.93 15.88 834.43 
18.80 832.88 17.18 834.30 
18.22 833.13 15.13 834.22 
8.29 832.n 5.11 833.95 5.90 833.18' 

15.05 832.79 13.22 834.82 
18.22 832.40 18.35 834.27 
5.05 842.92 5.05 842.92 
8.88 632.78 8.03 833.81 
9.24 833.91 8.25 834.90 8.38 834.n 
3.98 830.85 4.21 830.80 
4.115 829.38 5.34 828.99 

11.80 824.37 5.38 830.79 
3.80 632.28 4.33 831.75 
3.38 631.97 3.37 831.98 
3.32 830.91 3.50 830.73 4.22 830.01 
8.10 631.58 7.84 831.84 8.98 830.72 

10.12 834.41 11.87 834.88 10.50 834.03 
7.63 834.71 8.48 835.88 

8.80 833.89 7.81 834.88 8.88 835.81 7.04 835.45 I 

7.25 833.80 5.98 835.09 5.94 835.11 I 

8.87 835.12 8.33 835.48 8.87 834.112 
8.89 833.39 4.94 835.14 5.85 834.43 
8.98 832.40 5.27 834.11 4.89 834.89 
7.92 833.80 7.13 834.59 8.18 835.58 

10.33 834.49 11.57 835.25 8.80 838.02 i 

8.38 835.01 product product 

7.22 632.85 5.10 634.n 5.34 834.53 
8.40 635.09 5.89 835.80 
4.27 635.04 4.15 835.18 
3.75 834.78 3.88 834.87 



TABLE2-5 
Water level a and Elevation& 
ACS NPLSita 
Griffith Indiana 

Auguat 17, 1989 September 8, 1989 November 15, 1989 

Coordinate& Ground Clay Depth to Water Depth to Water Depth to 

location Eaat North TOC Elev Elev Water Elev Water Elev Water 

MW-1 4305 5783 838.18 835.7 821.0 5.50 832.88 4.03 834.13 

MW-2 5033 8839 838.14 834.8 817.0 8.87 831.27 5.85 832.49 

MW-3 5341 7359 838.58 834.1 820.0 4.48 832.08 3.48 833.08 

MW-4 8112 7128 841.oe 838.2 819.0 7.08 833.98 8.51 834.55 

MW-5 5788 8482 842.20 839.4 818.0 7.89 834.31 7.53 834.87 

MW-e 5298 5520 855.25 853.0 821.0 22.17 833.08 22.08 833.17 

MW-7 8112 8732 841.51 838.7 818.2 

MW-8 5934 7506 840.49 838.2 817.0 
MW-9 4893 6991 839.05 835.9 819.3 
MW-10 5200 n84 835.58 633.0 819.2 
MW-11 83n 7329 840.52 837.5 817.2 
MW-12 8019 6352 842.79 839.7 819.5 
MW-13 5051 7814 834.17 831.9 819.1 
MW-14 4882 88e5 838.58 838.0 819.2 
MW-15 4720 5002 837.91 835.2 820.3 
MW-18 soe5 8598 838.54 838.3 819.5 
MW-17 5858 5tJ77 847.10 848.3 
MW-18 5838 5748 844.88 845.4 825.4 

LW-1 4807 5070 844.81 842.4 619.0 12.22 832.39 11.81 832.80 
LW-2 4882 5485 849.89 847.4 821.0 17.20 832.89 18.90 832.99 

LW-3 4483 5821 845.83 843.3 12.70 832.93 11.49 834.14 

LW-4 4229 8132 843.30 841.5 1110.0 10.46 832.84 9.95 633.35 

OLD NEW OLD OLD 
SG-1 5009 8187 832.n 633.28 1.85 831.12 1.56 831.21 
SG-2 4464 8852 828.42 827.76 0.71 625.71 -o.04 626.46 

SG-3 4180 7123 829.55 832.08 -o.1o 829.65 
SG-4 5228 8611 833.43 835.22 0.80 832.83 -o.03 633.48 

SG-5 5488 n13 832.47 832.47 1.98 830.49 1.87 830.80 
SG-e 4494 8078 830.73 832.49 0.39 830.34 0.18 830.55 

SG-7 5408 8891 838.87 837.59 0.83 838.04 0.54 836.13 1.32 
SG-8 5483 5202 836.07 836.07 dry dry 

SG-9 3848 8338 832.59 832.59 dry dry 

SG-10 6698 7283 835.39 835.39 0.47 834.92 0.41 1134.98 

Notea: 
(1) Blank: lndlcatee the data were not available. 
(2) NF: Meaeurement location waa not found for data collection. 
(3) OLD/NEW: When meaeurement location became non-functioning, a new meaaurement location was lnatalled 
and the new reference elevation wae determined. 
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Water 
Elev 

635.35 

February 2, 1990 April8,1990 July 18, 1990 September 13, 199C 
Depth to Water Depth to Water Depth to Water Depth to Water 

Water Elev Water Elev Water Elev Water Elev 

NF NF 
5.11 833.03 5.48 832.88 
3.02 633.54 3.31 833.25 
5.95 835.11 5.48 835.58 
7.80 834.80 8.40 835.80 8.79 835.41 

22.33 832.92 20.88 834.37 20.97 834.28 

18.84 822.86 19.80 821.71 18.90 822.61 
18.17 822.32 19.30 821.19 18.35 822.14 
16.54 622.51 17.57 621.48 16.62 622.43 

14.58 821.00 13.84 821.94 
5.28 835.24 8.37 834.15 
8.92 835.87 7.84 834.95 
3.11 831.oe 4.03 830.14 3.59 830.58 
8.88 831.91 8.91 828.88 7.93 830.88 
4.12 833.79 5.07 832.84 
8.42 832.12 7.05 831.49 

12.18 834.92 12.87 834.23 
9.74 835.14 

11.78 832.83 10.89 833.92 11.12 833.49 
18.97 832.92 15.82 834.07 

12.02 833.81 11.29 834.34 
10.00 633.30 9.39 633.91 8.44 834.86 

NF NF 2.11 831.17 
2.83 824.93 4.50 821.92 

0.90 831.18 1.30 830.78 
1.40 633.82 1.22 834.00 

1.53 830.94 1.88 830.79 1.81 830.88 
1.54 830.95 1.74 830.75 
1.90 835.89 1.45 836.14 0.91 838.88 
2.91 833.18 2.30 833.n 

NF dry I 
0.38 835.01 +0.41 635.80 NF I 



TABLE2-e 
SUMMARY OF PRIVATE WATER SUPPLY WELLS IN THE ACS SITE VICINITY, GRIFFITH, INDIANA 

Map Distance Date Screened Useol Well Static Pumping Log 
Number Owner Location From Site Drilled Interval Formation Well(s) Diameter Water Level Data Avail-

(ft.) (in.) able 

1 Sylvester Reder 1048 Reder 300ft. E-SE 5/3/fJ(J 51.5-58 Sand Home 1 25 Pumped fOI' 1 hr at 15 gpm Vee 

2 Griffith Airport 1701 E. Main St 4300 ft. E-NE 114/84 59-65 Sand Public Bathroom 4 

3 Keen Foundry* Main Street 2900 II. N-NW 10/26171 55-63 Sand Industry 3 17 Pumped fOI' 4 hre at 30 gpm Vee 

4 Keen Foundry* Main Street 2900 II. N-NW e/28/87 52-81 Sand Industry 8 18 Pumped fOI' 4 hraat 175 gpm Vee 

5 Pinkstaff 743 S. Cline Ave 3000 II SW 1213/59 85-69 HOI'ne 1 Pumped fOI' 1 hr at 15 gpm Vee 

e Van Aeet 1523 E. Elm St 1.3 mile NE 11/5/59 48-50 HOI'ne 1 Pumped fOI' 1 hr at 15 gpm Vee 

7 Rueeel Banlater 1525 E. Elm St 1.3mileNE 1115/59 38-40 HOI'ne 1 Pumped fOI' 1 hr at 15 gpm Yea 

8 Cheever Park* 301 S. Colfax St 1100 II NE 8-24-83 54-58 Sand Public 1.25 3 Pumped fOI' 1 hr at 12 gpm Yea 

e Auton Goal 1108 S. Broad St 1.1 mile s-sw 7/27nt 58-e1 Sand HOI'ne 1.25 8 Pumped fOI' 0.5 hr at 10 gpm Vee 

10 Klrt Evana 1 028 S. Arbogaat St 2500 II S 2126173 48-51 Sand HOI'ne 1.25 Pumped fOI' 2 hra at 12 gpm Vee 

11 C. Saint-Angelo 171 0 S. Arbogast St 35001! s 9/23171 57-85 Sand HOI'ne 3 15 Pumped 101' 2 hraat 12 gpm Vee 

12 John Price 1105 S. Cline Ave 1.4mileW-SW 8/12171 52-57 Sand HOI'ne 1.25 17 Pumped fOI' 2 hraat 10 gpm Vee 

13 Frank Roziek 1201 S. Cline Ave 1.5mileW-SW 8/13/89 52-58 Sand HOI'ne 1.25 10 Pumped fOI' 0.5 hr at 10 gpm Yea 

14 Jamee Cooke Jr. 1817 S. Cline Ave 2.2mileSW 3/3173 58-e1 Sand HOI'ne 1.25 Pumped fOI' 2 hr at 12 gpm Yea 

15 Andrew Chmieleuiekl 1899 S. Cline Ave 2.4 mile SW e/12173 47-52 Sand HOI'ne 1.5 Pumped fOI' 2 hrt at 12 gpm Yea 

17 J. Sparks 1704 S. Cline Ave 2.8 mile W-SW 817/84 55-63 Sand Home 4 21 Pumped fOI' 1.5 hr1. at 15 gpm Yet 

18 David Chorba 331 GoiMew Dr 3.4 mile SW 5/11185 28-33 Sand Irrigation 1.5 15 Pumped at 20 gpm Yea 

19 GuyCOI'dy S. Cline Ave 3400ftW-SW 12/9/fJ(J 131 Limestone Home 4 8 Pumped for 3 hra at 20 gpm Yes 

20 NE 1/4,SW 114 Sec 35 1.2 mile N-NW 1219/44 85-85 Sand 12 15 Pumped 101' 1 hr at 320 gpm Yea 

21 SW 1/4,SW 114 Sec 35 3900 It N-NW 817/48 82 Sand 18 Yea 

22 SW 114,SW 114 Sec 35 3900 It N-NW 3/3/59 18 Yea 



TABLE2-e 
SUMMARY OF PRIVATE WATER SUPPLY WELLS IN THE ACS SITE VICINITY, GRIFFITH, INDIANA 

Map Distance Date Screened Use of Well Static Pumping log 

Number Owner location From Site Drilled Interval Formation Well( e) Diameter Water Level Data Avail-

(ft.) (in.) able 

23 SW 1/4,SW 1/4 Sec 35 1 mile N-NW 511143 18 Yea 

24 SW 1/4,SW 1/4 Sec 35 3800 It NW 11/10/59 18 Yea 

25 NW 1/4,SE 114 Sec 2 ON SITE 7/27/56 56-76 Gravel 8 Yea 

26 Indiana Pipe Line Co. SE 1/4,NE 1/4 Sec 3 1600 It W-NW 1123143 56-68 Sand 8 Yea 

27 NE 114,NW 1/4 Sec 2 1800 It N-NE 215154 86 Sand 18 Yea 

28 SE 1/4,NE 114 Sec 3 1 mile W-NW 5122145 43 Sand 18 Yea 

29 SW 1/4,SW 1/4 Sec 35 3300 It N-NW 612139 60 Sand Yes 

30 C&OR.R. SE 1/4,NW 1/4 Sec 2 800ft N-NW 1217/51 148 llmelltone 4 Yea 

31 C&OR.R. NW 1/4,SE 1/4 Sec 2 1300 It NW 1215139 62-82 Sand lnduetry 12 18 Pumped at 330 gmp Vee 

32 American Chemical Colfax Street ON SITE 9/14171 69-74 Sand lndultry 1.25 22 Pumped for 2 hre at 15 gpm Vee 

33 American Chemical Colfax Street ON SITE 2124/72 265 Limestone Home Pumped for 2 hre at 10 gpm Yes 

34 Packaging Corp (2 wells) 300W. Main 4000 It NW 11/10/59 54&86ftTD Sand Yes 

35 Salisbury Eng Main St 3800 It E-NE 5110/72 74-82 Sand Home 3 Pumped for 2 hre at 18 gpm Yes 

36 Arthur Hegedue • 1009 S. Wood St 2100 It S-SW 6/5173 48-53 Sand Home 1.5 Pumped for 2 hre at 10 gpm Yee 

37 David Reder 1 046 Reder Road 400 It E 1955; 6/89 45 & 75 It T.D. Sand Utility No 

38 Patricia Gatlin 1544 E. Main 3600 It NE 1960 95ftT.D. Drinking/utility No 

39 Mary Johnson 1624 E. Main 4000 It NE 66;redrilled 19 70+ftT.D. Home No 

40 Franklin Floyd* 1033 Reder Road 300 It E 65ftT.D. Sand Utility No 

41 Oscar Anderson 202 E. Avenue "D" 900ftW 1948;1950 9&14ftTD and and graVE Utility No 

42 Benson Breeden 1547 E. Main 3700 It NE 1950s 22 It T.D. Sand Home No 

43 Raymond White 524 S. Lafayene 1000ftW 1974 23ftT.D. Sand Utility No 

44 Albert Bakker 1540 E. Main 3500 It NE 1964 Unknown Sandy gravel Utility No 



TABLE2-e 
SUMMARY OF PRIVATE WATER SUPPLY WELLS IN THE ACS SITE VICINITY, GRIFFITH, INDIANA 

Map Distance Date Screened Use of Well Static Pumping Log 
Number Owner Location From Site Drilled Interval Formation Well(s) Diameter Water Level Data Avail-

(ft.) (in.) able 

45 Robert & Musetta Yeager 1800 E. Main 3800 ft NE 1955 58ft T.D. Sand Home No 

4e Leon Charbonneau• 1043 Reder Road 300ft E 1/88 eoftT.D. Home No 

47 Richard Swiee 333 South Broad St. 1400 ft NW Unknown Utility No 

48 John Sande 224 Avenue •D• 800ft w 1981 28ftT.D. Utility No 

49 Todd Fullgraf 341 South Broad 1300 ft NW 8/88 15ftT.D. Utility No 

50 Anthony Cadle 345 South Broad 1300 ft NW 6188 14ft T.D. Sand Utility No 

51 Lavern & Janet Ehrhart 1549 E. Main 3500ftNE 1983 70ft T.D. Sand and clay Utility No 

52 Wilbur Bramlet 1543 E. Main 3500 ft NE 19508 28ft T.D. Sand Home No 

53 James Jaracz 113 E. Avenue •c• 1000 ft NW 15ft T.D. Utility No 

54 John Hines 518 S. Rensselaer 700 ftW 8ftT.D. Sand Utility No 

55 Mr. Cash 2830 45th St. 2.3mlleeN 7/1159 89 Home Vee 

56 John Rosinko 2830 45th St. 2.3mllee N 10/13159 71 Home Vee 

57 Tom Lolhema 201 Glenwood 3000 ft N No 

58 Steve Lane 118 Arbogast 2500 ft N Sand Lawn watering No 

59 Howard Schweitzer 208 E. Ave A. 2200 ft NW Lawn watering No 

80 George Dorin 139 Dwiggins 2500 ft N 15 Lawn watering No 

81 Ternel 141 Dwiggins 2500 ft N 13.5 Lawn watering No 

82 Sklfano 144 Dwiggins 2500 ft N 13 Lawn watering No 

83 Williams 132 Dwiggins 2500 ft N No 

84 Fowler 138 Jay 2500 ft N 9 No 

65 Lilla 140 Jay 2500 ft N 15 No 



·' ( 

TABLE2-6 
SUMMARY OF PRIVATE WATER SUPPLY WELLS IN THE ACS SITE VICINITY, GRIFFITH, INDIANA 

Map Distance Dale Screened Uee of Well Static Pumping Log 
Number Owner Location From Site Drilled Interval Formation Well( e) Diameter Water Level Data Avail-

(ft.) (ln.) able 

ea Ron Austgen• 1002 Reder Road 200 fiE Home No 

89 James Garmon • 1 009 Reder Road 200ft E Home No 

70 Thomas Jones 525 S. Rensselaer 700 ftW 50-56 Irrigation No 

Notes: 
A blank In the table Indicates Information le not available. 

An asterisk(") Indicates that the well wae eampled during the Rl. 

V251 Rl Table 2-6/VR/JAW 



DATE 

1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 

21 
22 
23 
24 
25 
28 
27 
28 
29 
30 

31 

TABLE 4-1 
1/88- 7190 Precipitation Record for Griffith, Indiana 

January February March April May June 
1989 1989 1989 1989 1989 1989 

0.05 Rain 0.2 Rain 3.85 Rain 
0.15 Snow 0.8 Rain 0.15 Rain 3.85 Rain 
0.5 Snow 0.4 Rain 0.5 Rain 
0.8 Snow 0.2 Rain 0.2 Rain 0.3 Rain 0.9 Rain 

0.8 Rain 0.3 Snow 0.2 Rain 0.1 Rain 
0.1 Rain 0.5 Rain 

0.2 Rain 0.3 Rain 

0.2 Rain 0.7 Rain 
0.2 Snow 0.1 Rain 0.4 Rain 

0.12 Snow 0.1 Rain 
0.1 Snow 

0.52 R&S 0.1 Rain 
0.3 Rain 

0.83 R&S 0.3 Rain 
0.4 Rain 0.1 Rain 

0.08 Snow 0.1 Rain 1.2 Rain 
0.3 Rain&Sn01 

1.2 Snow 

1.5 Rain 
0.3 Rain 0.02 Snow 0.2 Rain 

0.8 Rain 
0.4 Rain 0.5 Rain 0.3 Rain 

0.3 Rain 0.7 Rain 1.5 Rain 
0.1 Rain 1 Rain 

0.2 Rain 

Precipitation Precipitation Precipitation Precipitation Precipitation Precipitation 
Total• 1.92 Total • 3.72 Total• 3.13 Total• 3.1 Total• 7.35 Total• 10.5 

Notee: 
Thoee measurements taken In the form of anow have been reduced by 90% to approximate the amount of liquid precipitation. 
Data used to prepare thle table are contained In Appendix M. 

July Aug uBI September October 
1989 1989 1989 1889 

3.1 Rein 
0.1 Rein 

0.4 Rain 
0.2 Rain 0.3 Rain 

1 Rain 
0.2 Rain 

0.2 Rain 0.8 Rain 
1 Rain 0.2 Rain Tr Rain 

0.8 Rain 
0.7 Rain 
0.7 Rain 

1.5 Rain 0.1 Rain 
0.2 Rain 

0.8 Rain 
0.2 Rain 

3.1 Rain 0.1 Rain 
0.8 Rain 0.5 Rain 1.8 Raln&Snow 
1.2 Rain 0.3 Rain 
0.2 Rain 

0.7 Rain 
0.2 Rain 

0.1 Rain 

0.2 Rain 
1 Rain 0.1 Rain 

Precipitation Precipitation Precipitation Precipitation 
Total• 7.0 Total • 5 Total• 8.9 Total• 3.5 



DATE 

1 
2 
3 
4 
5 
8 
7 
8 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
111J 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 

31 

TABLE 4-1, Cont. 
1/89-7190 Precipitation Record for Griffith, Indiana 

"'ovember December January February March April May 
1989 1989 1990 1990 1990 1990 1990 

0.2 Rain 0.2 Rain 
0.8 Rain 0.4 Rain 

0.1 Rain 
0.55 Rain 0.2 Rain 0.15 Rain 1.5 Rain 
0.2 Rain 0.4 Rain 

0.1 Rain 0.5 Rain&Snow 
0.5 Rain 

0.1 Snow Tr Rain 
1 Rain 

0.1 Rain 0.2 Rain 0.25 Rain 0.8 Rain 2.5 Rain 
0.05 Rain 0.4 Snow 0.8 Rain 0.2 Rain 0.2 Rain 

0.1 Rain 0.4 Rain 0.7 Rain 
1.5 Rain 

0.18 Snow 0.05 Rain 0.8 Rain 
1.4 Rain 5.5 Rain&Snow 0.1 Rain 0.1 Rain 
1.6 Rain 0.15 Rain 0.4 Rain 

o.e Rain 0.23 Rain/Snow 0.2 Rain 0.5 Rain 
0.15 Rain 

0.2 Snow 0.2 Raln&Snow 
0.1 Snow 0.1 Rain 0.1 Rain 0.5 Rain 
0.1 Snow 0.2 Rain 1.4 Rain 

0.1 Rain 0.7 Rain 0.1 Rain 
0.8 Snow 1.5 Rain/Snow 1 Rain 

0.2 Snow 
1.1 Rain 0.11 Snow 0.1 Rain 

0.1 Snow 0.35 Rain/Snow 1.2 Rain 
0.05 Snow 

0.2 Rain 
0.3 Rain 

0.1 Rain 0.5 Rain 
0.1 Rain 

Precipitation Precipitation Precipitation Precipitation Precipitation Precipitation Precipitation 

Total• 4.85 Total• 1.33 Total• 3.85 Total• 9.44 Total• 4.85 Total• 4.85 Total• 

Notes: 
Those meaeuremente taken In the form of snow have been reduced by 90% to approximate the amount of liquid precipitation. 
Data used to prepare thie table are contained in Appendix M. 
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9.8 

June July 
1990 1990 

0.15 Rain 

0.1 Rain 

2.1 Rain 

0.7 Rain 
1.9 Rain 
0.1 Rain 

0.1 Rain 
0.2 Rain 
0.1 Rain 

0.3 Rain 0.1 Rain 
0.1 Rain 

0.1 Rain 
0.1 Rain 2.5 Rain 

0.8 Rain 
0.8 Rain 

0.5 Rain 0.4 Rain 
0.1 Rain 

0.8 Rain 
0.2 Rain 
0.2 Rain 

1 Rain 0.2 Rain 
0.1 Rain 0.25 Rain 

Precipitation Precipitation 
Total• 5.8 Total• 8.5 



TABLE4-2 
Summary of Top of Clay Elevations 
American Chemical Service NPL Site 
Remedial Investigation 
Griffith, Indiana 

Well/Boring Ground Depth to 
Number Elevation Clay 

MW-1 635.7 15.0 

MW-2 634.8 19.0 

MW-3 634.1 14.0 

MW-4 638.2 19.5 

MW-5 639.4 21.0 

MW-6 653.0 32.0 

MW-7 638.7 20.5 

MW-8 638.2 21.2 

MW-9 635.9 16.6 

MW-10 633.0 13.8 

MW-10C 634.7 15.7 

MW-11 637.5 20.3 

MW-12 639.7 20.2 

MW-13 631.9 12.8 

MW-14 636.0 16.8 

MW-15 635.2 14.9 

MW-16 636.3 16.8 

MW-17 648.3 NA 

MW-18 645.4 20.0 

LW-1 642.4 23.0 

LW-2 647.4 26.0 

LW-4 641.4 27.0 

MW-10A 634.3 15.5 

MW-10B 634.2 16.8 

Top of Clay Thickness Base of Clay 
Elevation of Clay Elevation 

620.7 

615.8 

620.1 

618.7 

618.4 

621.0 

618.2 18.1 600.1 

617.0 11.0 606.0 

619.3 8.5 610.8 

619.2 6.4 612.8 

619.0 4.3 614.7 

617.2 

619.5 

619.1 

619.2 

620.3 

619.5 

NA 

625.4 

619.4 

621.4 

614.4 

618.8 4.5 614.3 

617.4 "'1.5 "'615.9 



TABLE 4-2 (con't) 
Summary of Top of Clay Elevations 
American Chemical Services NPL Site 
Remedial Investigation 

Well/Boring Ground Depth to 
Number Elevation Clay 

SB24R 646.6 25.6 

SB25R 645.6 28.0 

sass 637.4 1S.2 

SBS6 637.9 15.2 

SBS8 637.0 1S.3 

SB61 636.8 1S.O 

SB62 637.1 1S.4 

SB63 637.1 1S.3 

SB66 637.8 15.8 

SB67 637.4 1S.3 

CB-1 633.0 14.0 

CB-2 632.0 11.0 

CB-3 633.0 13.0 

Notes: 
Depth of Clay in Feet Below Ground Surface 
Thickness of Clay in Feet 
Elevations In Mean Sea Level 
NA - Not Encountered 
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Top of Clay Thickness Base of Clay 
Elevation of Clay Elevation 

621.0 

617.6 

622.2 

622.7 

621.7 

621.8 

621.7 

621.8 

622.0 

622.1 

619.0 2.S 616.S 

621.0 7.3 613.7 

620.0 13.0 607.0 



Table 4-3. Permeability Values Calculated from Grain Size Data. 

Vadose Zone 

Well Sample 010 
Location Elevation (mm) Permeability 

MW-1 631 633 0.0145 2.1 E-04 em/sec 4.1E-04 It/min 

MW-2 630 - 633 0.0179 3.2E-04 em/sec 6.3E-04 fUm in 

MW-3 632 - 634 0.1030 1.1 E-02 em/sec 2.1E-02 It/min 

MW-4 633 - 635 0.1128 1.3E-02 em/sec 2.5E-02 It/min 

MW-5 634 - 636 0.0278 7.7E-04 em/sec 1.5E-03 fUm in 

MW-6 646 - 648 0.1361 1.9E-02 em/sec 3.6E-02 fUm in 

East Side. Us:u;~er Aguifer 

Well Sample 010 
Location Elevation (mm) Permeability 

MW-4 626 - 628 0.1358 1.8E-02 em/sec 3.6E-02 It/min 

MW-5 629 - 631 0.1022 1.0E-02 em/sec 2.1E-02 It/min 

MW-6 631 633 0.1728 3.0E-02 em/sec 5.9E-02 It/min 

MW-7 622 - 629 0.1393 1.9E-02 em/sec 3.8E-02 fUm in 

Geometric Mean: 1.8E-02 em/sec 3.6E-02 It/min 

West Side. UQQer Aguifer 

Well Sample 010 
Location Elevation (mm) Permeability 

MW-1 621 623 0.1075 1.2E-02 em/sec 2.3E-02 ttl min 

MW-2 622 - 624 0.0715 5.1 E-03 em/sec 1.0E-02 ttl min 

MW-3 622 - 624 0.0890 7.9E-03 em/sec 1.6E-02 ttl min 

MW-9 620 - 626 0.0750 5.6E-03 em/sec 1.1 E-02 It/min 

Geometric Mean: 7.2E-03 em/sec 1.4E-02 ttl min 

Lower Aguifer 

Well Sample 010 
Location Elevation (mm) Permeability 

MW-7 589 - 594 0.2286 5.2E-02 em/sec 1.0E-01 fUm in 

MW-9 601 610 0.1766 3.1 E-02 em/sec 6.1 E-02 fUm in 

Notes: 
010 values summarizes in Appendix F. 

Permeability Calculated by Hazen Equation 
(Page 350, Freeze and Cherry, 1979). 
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Table 4-4. Horizontal Gradients in the Upper Aquifer. 

Variable Flow Path #1 Flow Path #2 Flow Path #3 Flow Path #4 Flow Path #5 

End Points 
Up/Down Gradient P-32 SG-5 SG-7 P-27 P-30 p..;.5 P-4 P-20 MW-5 MW-S 

Separation (dl) 7SO ft 450 ft 455 ft 325 ft 1085 ft 

Water Elevation 
August 17, 1989 S34.25 S30.49 S3S.04 S29.28 634.59 633.04 S33.8S 633.10 634.31 S33.08 
September 8, 1990 S34.76 S30.SO S3S.13 S29.93 S35.02 S33.98 634.0S S33.78 S34.S7 S33.17 
February 2, 1990 S35.12 S30.94 635.S9 S31.58 S34.88 634.15 S33.80 S33.91 S34.60 S32.92 
April 6, 1990 S35.4S S30.79 636.14 631.84 S35.81 634.S8 635.30 634.90 S35.80 634.37 
September 13, 1990 634.92 S30.6S S36.S8 S30.72 635.45 S33.80 S34.9S 634.77 635.41 S34.28 

Water Elevation Difference (dH) 
August 17, 1989 3.7S S.76 1.55 0.7S 1.23 
September 8, 1990 4.1S S.20 1.04 0.28 1.50 
February 2, 1990 4.18 4.11 0.73 -0.11 1.S8 
AprilS, 1990 4.67 4.30 1.13 0.40 1.43 
September 13, 1990 4.2S 5.96 1.65 0.19 1.13 

Horizontal Gradient 
August 17, 1989 0.0049 0.0150 0.0034 0.0023 0.0011 
September 8, 1990 0.0055 0.0138 0.0023 0.0009 0.0014 
February 2, 1990 0.0055 0.0091 0.0016 -0.0003 0.0015 
AprilS, 1990 O.OOS1 0.009S 0.0025 0.0012 0.0013 
September 13, 1990 0.005S 0.0132 0.0036 0.0006 0.0010 

!Average 0.0055 0.0121 0.0027 0.0009 0.00131 

Notes: 
Water levels summarized in Table 2-5. 
Flow Paths shown on Figure 4-19. HGRAD4-4/PJV/JAW 



Table 4-5. Upper Aquifer Horizontal Groundwater Seepage Rates 

Variable Flow Path #1 Flow Path #2 Flow Path #3 

Groundwater Seepage Rate Based on Geometric Mean Permeability for Site 

K (permeability) 7.9E-03 ft/min 7.9E-03 ft/min 7.9E-03 

(gradient) 0.0056 0.0121 0.0027 

n (effective porosity) 0.2 0.2 0.2 

Vs (seepage rate) 2.2E-04 ft/min 4.8E-04 ft/min 1.1E-04 

115 ft/yr 252 ft/yr 56 

Groundwater Seepage Rate Based on Permeability at Nearest Monitoring Well. 

Nearest Monitoring Well: MW-3 MW-3 

K (permeability) 4.2E-03 ftlmin 4.2E-03 

(gradient) 0.0056 0.0121 

n (effective porosity) 0.2 0.2 

Vs (seepage rate) 1.2E-04 ft/min 2.6E-04 

61 ft/yr 134 

Notes: 
Flow Paths shown on Figure 4-19. 
Permeability values summarized on Table 2-4. 
Average hydraulic gradients calculated on Table 4-4. 
Effective Porosity assumed to be 0.2. 

MW-2 

ft/min 2.9E-03 

0.0027 

0.2 

ft/min 3.9E-05 

ftlyr 20 

ft/min 

ft/min 

ftlyr 

ft/min 

ttl min 

ft/yr 

Flow Path #4 Flow Path #5 

7.9E-03 ft/min 7.9E-03 ft/min 

0.0009 0.0013 

0.2 0.2 

3.7E-05 ft/min 5.1E-05 ft/min 

19 ft/yr 27 ft/yr 

MW-5 MW-5 

2.3E-02 ft/min 2.3E-02 ft/min 

0.0009 0.0013 

0.2 0.2 

1.1E-04 ft/min l.SE-04 ftlmin 

57 ft/yr 78 ft/yr 

GWV4-6PJV/JAW 



TABLE 4-6. Vertical Hydraulic Gradients Between Upper and Lower Aquifers. 

Clay Thickness Groundwater Elevations (ft msl) 
Well Nest 

P-8 
MW-7 

Difference: 
!Vertical Gradient: 

P-28 
MW-8 

Difference: 
!Vertical Gradient: 

MW-14 
MW-9 

Difference: 

!vertical Gradient: 

MW-13 
MW-10 

Difference: 
!vertical Gradient: 

Notes: 

(effective separation) 

18 ft 

11 ft 

8.5 ft 

6.4 ft 

4/6/90 

635.98 
622.86 

13.12 
0.73 

634.86 
622.32 

12.54 
1.14 

631.91 
622.51 

9.4 

1.11 

631.06 

The effective screeen separation Is assumed to be the thickness 
of the clay confining layer. 

Water levels are derived from Table 2-5. 
Positive values indicate gradients are downward. 

VGRAD4-6PJV/JAW 

7/18/90 

621.71 

621.19 

629.68 
621.48 

8.2 

0.96 

630.14 
621.00 

9.14 
1.43 

9/13190 

635.33 
622.61 

12.72 
o.11 1 

634.03 
622.14 

11.89 
1.o8 1 

630.66 
622.43 

8.23 

0.971 

630.58 
621.94 

8.64 
1.35 I 

Average 
Gradient 

0.72 

1.11 

1.01 

1.39 



Table 4-7. Clay Confining Layer Permeability and Seepage 

Laboratory Measurments 

Monitoring Laboratory Laboratory 
Well PermeabilitY PorositY 

MW-1 S.OE-08 em/sec Not Measured 

MW-2 3.8E-08 em/sec Not Measured 

MW-3 3.2E-08 em/sec Not Measured 

MW-4 6.7E-07 em/sec Not Measured 

MW-5 5.8E-09 em/sec Not Measured 

MW-6 3.6E-08 em/sec Not Measured 

MW-7 7.9E-08 em/sec 0.257 

MW-9 3.3E-08 em/sec 0.327 

Geom. Mean: 4.8E-08 em/sec 

Minimum: 5.8E-09 em/sec 

Maximum: 6.7E-07 em/sec 

Seepage Rate Calculation 

Average Vertical 
Location Permeabilitv Gradient 

MW-7 4.8E-08 em/sec 0.72 

MW-8 4.8E-08 em/sec 1.11 

MW-9 4.8E-08 em/sec 1.01 

MW-10 4.8E-08 em/sec 1.39 

Notes: 
Laboratory values summarized in Table 2-2. 
Vertical Gradients averaged from Table 4-6. 

Average 
Porositv 

0.15 

0.15 

0.15 

0.15 

Effective porosity calculated as 0.5 x average measured porosity. 

GWVR4-7PJV/jaw 

Vertical 
SeeQage Rate 

2.3E-07 em/sec 
0.24 fUyr 

3.5E-07 em/sec 
0.37 ft/yr 

3.2E-07 em/sec 
0.33 ftlyr 

4.4E-07 em/sec 
0.46 ft/yr 



BETX Compounds 

Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

ChlQrinated Ethanes 

Chloroethane 
1, 1-Dichloroethane 
1,2-Dichloroethane 
1, 1,1-Trichloroethane 
1, 1,2-Trichloroethane 

Table 5-1 

Organic Compound Groupings 
American Chemical Services NPL Site 

Remedial Investigation 

Chlorinated Benzenes Chlorinated Ethenes 

Chlorobenzene Vintj Chloride 
1,3-Dichlorobenzene 1,1- ichloroethene 
1,4-Dichlorobenzene Total-1,2-Dichloroethenes 
1,2-Dichlorobenzene Trichloroethene 
1,2,4-Trichlorobenzene Tetrachloroethene 
Hexachlorobenzene 

Ketones Phthalates 

Acetone Dimethylphthalate 
2-Butanone Diethtplithalate 
4,-Methyl-2-Pentanone Di-n- utylphthalate 
2-Hexanone 

1, 1,2,2-Tetrachloroethane 
Isophorone 

Bu(2lbenzylphthalate 
bis 2-Ethylliexyl)phthalate 

PCBs PAHs Phenols 

Aroclor 1242 Naphthalene Phenol 
Aroclor 1248 2-Methylnaphthalene Benzyl Alcohol 
Aroclor 1254 Acenaphthylene 2-methylfthenol 
Aroclor 1260 Acenaphthene 4-Me thy phenol 

Fluorene 2,4-Dimethy:fhenol 
Phenanthrene Benzoic Act 
Anthracene 2,4-Dichlorophenol 
Fluoranthene 4-Chloro-3-Methylphenol 
Pyrene 2,4,5-Trichloroplienol 
Benzo(b )anthracene 4-Nitrophenol 
Chrysene Pentachlorophenol 
Benzor ruoranthene 
Benzo k fluoranthene 
Benzo a ~ene 
Indeno( ,3-cd)hyrene 
Dibenzo~~h)ant racene 
Benzo(g, ,i)perylene 

V251RI Table 5/IDD/PN 



TABLE 5·2 

Sampling Results, Compound Groupings 
ACS Site, Griffith, Indiana 

Sample CHLORINATED CHLORINATED CHLORINATED Waste 
Sample ID Depth vocs PCBS PHENOLS PAHs PHTHALATES ETHENES ETHANES BETX BENZENES KETONES CHROMIUM LEAD Area 
=~===z•=======~=====;=====~========================================================================================================================================== 
ACS·5A03-03 3 980 50 2600 980 11.2 25.5 1 
AC5·5B08·06 6 2130 57 8.7 12.8 1 
AC5·5B08-10 10 18900 93 3450 119 18823 122 75 2.9 1 
ACS·5B09·06 6 190 170 190 6.6 1 
ACS-5B09-10 10 363 99 370 39 125 110 238 6.7 5 1 
ACS·SB10-05 5 268370 26600 160 121338 15086 3020 2800 262550 3370 7.5 7.8 1 
ACS-S810-10 10 14830 718 1800 410 1450 360 12630 9450 390 4.6 6.6 1 
ACS·SB11-05 5 120 54 85 44 15 38 23 4.8 3 1 
ACS-5B11-10 10 30560 1646 590 118 3590 5900 20700 10790 3.6 1 
ACS-5812·05 5 599870 870 18870 1500 573300 4.8 3 1 
AC5·5B12·10 10 43640 990 2270 200 4800 610 30600 430 7400 22.5 43.9 1 
ACS·SB13·05 5 495 1n 57 so 8 290 144 5 4.5 1 
ACS-5813-10 10 53670 1450 1700 89 53020 3200 650 9.1 7.5 1 
ACS-5835·17 17 10500 * * * * * 1 
ACS-5855-07 7 4123000 * * * * 1110000 11000 3002000 * * 1 
AC5·5855-16 16 103190 * * * * 29160 220 73810 * * 1 
AC5·5856·07 7 188 * * * * 188 * * 1 
ACS-5856-16 16 412 * * * * 410 2 * * 1 
ACS-5857-07 7 1280 * * * * 59 117 1084 11 * * 1 
AC5-5857-16 16 30200 * * * * 2300 1020 25500 180 1200 * * 1 
ACS·S858-07 7 14540 * * * * 7990 970 5580 * * 1 
AC5·5858-16 16 24830 * * * * 3490 1640 19700 * * 1 
ACS-5859·07 7 20550 * * * * 210 20100 240 * * 1 
ACS·5859·16 16 29910 * * * * 300 29310 300 * * 1 
ACS·5B60·07 7 188600 * * * * 111000 2800 74800 * * 1 
ACS-5860-16 16 10120 * * * * 1190 890 8040 * * 1 
ACS·5B61·07 7 6220 * * * 300 910 5010 * * 1 
ACS·5B61-16 16 13720 * * * 380 760 12580 * * 1 
ACS·5B62·07 7 3764 130 * * * 90 80 3260 2 320 * * 1 
ACS·5B62-16 16 826 * * * 82 21 553 160 * * 1 
ACS·5B63·07 7 659 * * * 409 250 * * 1 
ACS·5B63-15.5 15.5 36 * * * 1 35 * * 1 
ACS·SB64·07 7 56365 230 * * * 24 5 56335 * * 1 
ACS·S864·16 16 148 * * * 144 4 * * 1 
ACS·SB65-07 7 1990 * * * 1990 * * 1 
ACS-5865·16 16 516 * * * 516 * * 1 
ACS-5B66-07 7 102 700 * * * 5 2 11 84 * * 1 
ACS-5866-16 16 45 * * * 45 * * 1 
ACS-5867-07 7 197 * * * 5 7 91 3 87 * * 1 
ACS-5867-16 16 30 * * * 3 2 25 * * 1 
ACS-SB68·07 7 173 * * * 2 3 41 127 * * 1 
ACS-S868·16 16 155 * * * 4 2 36 110 * * 1 
ACS·TP02-03 3 264700000 500000 38200 197200 194500 5900000 20000000 238800000 4000 88000 271 1440 1 
ACS·TP02·05 5 2159600 38800 400 30090 29900 195200 330000 1628000 3900 9 22.4 1 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
ACS-S814·11 11 43810 4740 6583 35630 200 310 14000 1248 51300 10.2 21.91 2 
ACS-S815-13 13 5620000 174000 324800 2791000 420000 110000 4410000 9200 1660000 307 1290 2 
ACS-SB16·06 6 4996000 69000 410000 263000 312000 4020000 3800 401000 23.5 42.4 2 



TABLE 5-2 (cont) 

Sampling Results, Compound Groupings 
ACS Site, Griffith, Indiana 

S~le CHLORINATED CHLORINATED CHLORINATED Waste 
Sample ID Depth VOCs PCBS PHENOLS PAHs PHTHALATES ETHENES ETHANES BETX BENZENES KETONES CHROMIUM LEAD Area 
=······==·=========================================================================================================================================================== ACS-SB17-06.5 6.5 6618000 47000 93100 259500 466000 550000 103000 5570000 62500 1180000 13.9 88.2 2 
ACS·SB18·07 7 5529000 28000 288000 999100 607000 42000 2940000 6000 239000 8.7 104 2 
ACS-SB21-07 7 187 429 590 4070 31 8 66 121 * * 2 
ACS·SB21·12 12 13170 990 1380 4479 2390 340 10440 45 * * 2 
ACS-SBZZ-12 12 5359000 35000 7100 156800 442000 286000 5024000 6300 * * 2 
ACS-5823·12 12 60640 1120 11300 11071 8200 930 44300 zoo 6620 * * 2 
AC5-5869-08 8 6690000 330 16500 253900 1017500 958000 139000 5446000 34680 252000 * * 2 
AC5-5B69-21.5 21.5 9986 1300 7400 6179 19680 406 212 1839 1132 10700 * * 2 
AC5-5870-08 8 6952300 74000 2300 593590 127400 322000 57000 6560000 14900 10000 * * 2 
AC5-5B70-20.5 20.5 3250 856 1340 557 180 3070 55 * * 2 
AC5-5871-08 8 1862200 20000 154500 533600 195000 17100 1570000 5300 * * 2 
AC5-SB71-20.5 20.5 29180 2360 351 1143 180 8200 12800 16200 * * 2 
AC5·5872-08 8 9710 1160 2360 2900 3270 2440 6700 * * 2 
AC5·5B72-20.5 20.5 283300 2870 940 1374 223000 49300 140 350 * * 2 
AC5·5873·05 5 663100 8000 38660 245100 76100 12000 462000 1620 109000 * * 2 
ACS·SB73·19 19 90100 2521 456 9400 3200 54100 8380 23400 * * 2 
ACS·SB74·05 5 17240 1970 1339 13886 8660 8300 * * 2 
ACS· SB74·19 19 758160 12506 33210 205500 59400 15760 456000 860 299000 * * 2 
ACS·SB75·15 15 15546000 39500 122740 422300 2000000 750000 12220000 6400 780000 * * 2 
AC5·TP03-09 9 16146000 nooo 353200 1604600 740000 290000 11634000 1noooo 187 671 2 
ACS·TP04-08 8 2362800 8800 28300 76900 1790000 26100 502600 39200 62.2 286 2 
AC5·TP05-03 3 36330000 84000 315000 2060000 1130000 34670000 530000 82 331 2 
ACS·TP06-04 4 19690000 194000 1057900 4694000 1020000 170000 16000000 4100000 1410 6300 2 
AC5-TP07-03 3 36280000 2800 131000 924000 190000 21000000 11400000 29000 19.6 88 2 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------AC5-SB20-07 7 51240 76000 12900 93240 188200 1460 480 11100 31570 82000 28.8 45.4 1 3 
----------------------------------------------------------------------------------------------------------------------------------------------------·----------------AC5-5803-12 12 2442900 205000 230000 235000 18000 2169100 14000 15.4 169 4 
ACS-5803-17 17 33023000 553000 976800 3998000 1830000 1300000 23393000 49500 5400000 89.9 357 4 
AC5-5B03·20 20 59190 43400 2652 13450 580 2310 60500 6.6 4.9 4 
AC5-5B04-05 5 4578300 61300 4517000 2.3 4 
AC5·SB04A·19 19 315100 68500 5900 7250 2700 21400 342000 6.8 10.9 4 
ACS-5805-14 14 3286670 80000 91000 3021300 19136000 572390 287000 980000 129580 4420000 139 726 4 
AC5·5B05-17 17 25170 460 9760 4343 9571 450 5420 140 24000 11.8 28.4 4 
AC5-5806-11.5 11.5 15193000 113400 379100 1741100 2160000 290000 12063000 1160000 225 955 4 
AC5·5B06-15 15 3100000 30000 63770 129610 358900 490000 140000 2230000 3300 360000 21.2 38 4 
ACS-5807·14 14 194630000 26700000 151330000 14340000 1730000 * * 4 
ACS-5807-19 19 8230000 44000 94000 167230 135690 3400000 660000 4170000 24300 62000 23 20.6 4 
AC5·5824-12 12 33184200 1054000 1230500 1603000 2184200 679000 26690000 76200 2747000 * * 4 
AC5-5824-21 21 603920 25610 5897 23282 18400 3920 195100 1064 393000 * * 4 
AC5·5B24R-26 26 93440 6100 958 81 65210 26900 * * 4 
ACS·SB25·11 11 2156800 35000 6nOO 74000 165000 390000 152000 1600000 10000 34400 * * 4 
ACS·SB25-21 21 13162 3365 620 2072 104 39 791 100 12570 * * 4 
AC5·5B25R·29 29 213 96 81 10 120 * * 4 
AC5-SB26·11 11 41100000 14300 46000 279400 1600000 3740000 8260000 27519000 * * 4 
AC5-SB26-21 21 9290 20700 1300 900 1480 230 3280 140 4398 * * 4 
AC5-SB26R-26 26 409170 210 197100 19160 146800 170 32000 * * 4 
AC5·5B27·11 11 2884000 74000 79000 382500 1304700 323000 56000 2395000 33400 400000 * * 4 



TABLE 5-2 (cont) 

Sampling Results, Compound Groupings 
ACS Site, Griffith, Indiana 

Sample CHLORINATED CHLORINATED CHLORINATED Waste 
Sample ID Depth VOCs PCBS PHENOLS PAHs PHTHALATES ETHENES ETHANES BETX BENZENES KETONES CHROMilJ4 LEAD Area 
======•=zz•=====================================================================================================================================a•=================== 
ACS·SB27·21 21 37650 29220 990 2260 260 20590 456 17130 * * 4 
ACS·SB27RR·24 24 239710 1040 18990 7190 118280 35000 60000 * * 4 
AC5·5B28·08 8 3892000 250000 52700 333700 1144900 273000 49000 3370000 13900 330000 30.1 236 4 
ACS·SB29·08 8 567100 31000 12000 53000 350500 21900 27140 183810 42700 30.7 59.5 4 
AC5·5B30·10 10 522100000 44000 965000 890000 9249000 65000000 7600000 254500000 1000000 197600000 3750 17200 4 
ACS-5836·10 10 87665 * * * 355 219 25522 61400 * * 4 
AC5·5836·17 17 42430D 9200 * * * 418300 6000 * * 4 
AC5·5836·23.5 23.5 30000 200 * * * 330 15570 14100 * * 4 
AC5·5837·10 10 293500 84000 * * * 5500 127000 161000 * * 4 
ACS-5837·17 17 3865000 71000 * * * 430000 152000 3227000 * * 4 
AC5·5B37·23.5 23.5 13721 790 * * * 44 61 474 13011 * * 4 
ACS·SB38·10 10 3713000 119000 661100 595800 290000 nooo 3300000 21840 * * 4 
AC5·5838·20 20 215400 26900 6276 16870 400 16000 250 205800 * * 4 
ACS·SB38·23.5 23.5 748530 27300 3397 4942 3010 380 51140 83 694420 * * 4 
ACS-5839-10 10 5274700 238000 1on6oo 3444000 270000 135000 3206000 41700 3296000 * * 4 
ACS·SB39·17 17 421880 25900 1290 3260 9600 3880 20800 397000 * * 4 
ACS·SB39·23.5 23.5 42945 19357 273 347 6053 1837 17290 3 16850 * * 4 
ACS-5840·10 10 3291400 26000 46800 181920 942800 181000 17800 2731100 7460 820000 14.3 35.8 4 
ACS·SB41·05.5 5.5 26 2780 180 31800 100350 17 93 149 6.8 5.5 4 
AC5·5841-23.5 23.5 70 250 54 8 62 100 26.6 143 4 
ACS·S842·05.5 5.5 69 220 7480 1470 69 12.9 42.7 4 
AC5·5842-20 20 149 625 97 52 9.4 9 4 
AC5-W501·01 1 6885000 1400000 675000 348noo 15434000 145000 6740000 126900 290000 142 226 4 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------AC5-5A01·03 3 80936 59000 3670 30390 444350 162 95 80320 8530 859 10700 5 
AC5·SA02·03 3 1740000 32000 20600 45920 324700 357600 1353200 6790 40000 1300 5810 5 
AC5·5B01·03 3 7260 420 18110 172000 240 150 5900 200 1810 70 401 5 
AC5·5801·09 9 96 933 3010 93 2 6 18.1 5 
AC5·5B02·05.5 5.5 679900 * * * 40900 639000 * * 5 
AC5-5B02·07 7 9600 34300 65230 160100 260 65000 1010 4060 5 
AC5-5B02·08.5 8.5 103 280 54 1839 25 1678 4.8 5 5 
AC5·5843·01 1 11700 * * * * * 5 
AC5·5B43·04.5 4.5 1 * * * 1 * * 5 
AC5·5B44·04.5 4.5 4563000 12000 * * * 516000 3670000 27000 90000 * * 5 
AC5·5845·01 1 22000 • • * * • 5 
AC5·5845·04.5 4.5 3650 4200 • • • 140 3510 • • 5 
AC5·5846·04.5 4.5 173150 27100 • * • 22600 1350 147900 • • 5 
AC5-5847·04.5 4.5 207599 • • • 431 479 193150 18 13290 • • 5 
AC5-5848·01 1 49000 • * * • • 5 
ACS-5848·04.5 4.5 155140 • • • 540 151000 3600 • * 5 
AC5-5849·04.5 4.5 36 • • • 5 31 • • 5 
AC5·5850·01 1 7100 • * • • • 5 
ACS-5850·04.5 4.5 435 • • • 2 433 * * 5 
AC5·5851·04.5 4.5 2336000 50000 • • • 93000 2243000 • • 5 
AC5·5852·04.5 4.5 839 • • * 734 47 * • 5 
AC5·SB53·04.5 4.5 78 • • • 78 • • 5 
AC5·5854·04.5 4.5 419 * • • 333 86 • • 5 
ACS·TP01·03.5 3.5 47530000 280000 28000 157300 698100 960000 46300000 367000 3080 16200 5 



TABLE 5-2 (cont) 

Sampling Results, Compound Groupings 
ACS Site, Griffith, Indiana 

Sample CHLORINATED CHLORINATED CHLORINATED llaste 
Sample ID Depth vocs PCBS PHENOLS PAHs PHTHALATES ETHENES ETHANES BETX BENZENES KETONES CHR()4llJM LEAD Area 
===================================================================================================================================================================== 
ACS-TP01-06 6 125 2530 1n 14 110 7 5.4 I 5 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
ACS-LII01-01 5 5 41.2 130 6 
ACS-LII02-01 2 19 2 288 1370 6 
ACS-LII03-01 1371 831 38 . 42 137 2 1234 120 530 6 
ACS-LII04·01 462 129 3 5 244 53 170 120 660 6 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
ACS-AM01·10 30830 515 46 30830 3.9 5.1 7 
ACS-AM02·12 5690 150 5690 3.7 4.9 7 
ACS-AM03·12 6n 496 367 117 560 3.1 5.3 7 
ACS-AM04·12 42690 370 160 42530 7 7.7 7 
ACS-AM05·12 56200 700 82 1400 37600 17200 2.6 4 7 
ACS·GIIMII02-01 2 7 
ACS·GIIMII02-02 161 3 130 25 2 7 
ACS-GIIMW03-01 1 71 3 8 1 26 7 
ACS-GWM\103-02 108048 428 9 1900 106080 32 7 
ACS-GIIMW04-01 900 2.6 10 520 7 
ACS-GWMW04-02 896 3 256 640 7 
ACS-GIIMIIOS-01 35n 29 80 3 160 3321 117 7 
ACS-GIIMII05-02 1904 91 44 1800 106 7 
ACS·GIIMII06-01 1142 4 140 1002 35 7 
ACS·GIIMII06-02 2040 6 7 29 240 1800 25 7 
ACS-GIIMII09-01 440 440 7 
ACS-GIIMII09-02 200 200 7 
ACS-GIIMII10C-01 6 3 3 7 
ACS-GIIMII11-02 2 2 2 7 
ACS-GIIMII12-01 27 23 4 7 
ACS·GIIMW12-02 43 1 24 12 6 1.1 7 
ACS-GIIMII13-01 509 500 2 7 
ACS·GIIMII13-02 140 140 7 
ACS-GIIMII14-01 5 31 3 2 7 
ACS-GIIMII14-02 13 7 6 2 7 
ACS-GIIMII15-01 12 4.6 7 
ACS-GIIMII15-02 4 9 4 7 
ACS-GIIMII16·01 365290 2275 250 3500 1620 359219 3.9 3.2 7 
ACS-GIIMII16-02 302740 400 4000 2160 295800 2.7 7 
ACS-GIIMII17-01 502 27 2 63 52 375 127 7 7 
---------------------------------------------------------------------------------------------------------------------------------------------------------------------
ACS-SD01-01 2 590 350 7.3 8.2 8 
ACS·SD02-01 5 21600 190 13330 3 21 279 8 
ACS-SD03-01 2 290 4.3 3.6 8 
ACS-SD04-01 112 110 8.9 4.6 8 
ACS-SD05·01 14389 610 7348 4570 14386 28.5 152 8 
ACS-SD06-01 8 868 180 24.6 89.7 8 
ACS·SD07A-01 8950 2500 19.8 59.6 8 
ACS·SD07B-01 44 230 523 680 26.4 61.9 8 
ACS-SD07C-01 460 450 34.1 93.2 8 
ACS-SD08-01 24 112 120 24 8.9 23.1 8 



Sample 
Depth vocs PCBs PHENOLS 

TABLE 5·2 (cont) 

Sampling Results, Compound Groupings 
ACS Site, Griffith, Indiana 

CHLORINATED CHLORINATED 
PAHs PHTHALATES ETHENES ETHANES 

CHLORINATED 
BETX BENZENES KETONES CHROMII.-'4 LEAD 

\Jaste 
Area 

===================================================================================================================================================================== 
ACS·SD09·01 170 47 3225 
ACS·SD10·01 69 100 4630 
ACS·SD11·01 3 146 
ACS·SD12·01 58 100 
ACS·SD13·01 270 186 
ACS·SD14·01 11 2270 
ACS·SD15·01 681 
ACS·SD16·01 5400 114 
ACS·Siol01·01 3 0.5 
ACS·Siol02·01 38 0.84 
ACS·S\105·01 1111 51 
ACS·Sioi07A·01 14 
ACS·S\.108·01 8 635 

* C~s not analyzed. 

Notes: 1 · \Jaste or Sample Are(1) On-Site Containment Area 

JDD/jdd/JAH 

(2) Still Bottoms/Treatment Lagoon 
(3) Area \Jest of Firepond 
(4) Off·Site Containment Area 
(5) Kapica/Pazmey Area 
(6) Griffith Municipal Landfill 
(7) Groundwater 
(8) Surface \later/Sediment 

109 

100 
100 

820 

2394 

6 

3 

40 
3 

2 

31 
14 

170 
23 

508 

8 

140 

11 

38 
574 

10.7 35.5 8 
7.8 31.3 8 

12.7 45.4 8 
14.3 63.3 8 
13.4 65.1 8 
31.5 59.2 8 
5.4 23.4 8 
273 702 8 
7.8 6.3 8 
8.3 23.8 8 

28 4.2 8 
4.6 8 

5 16.2 8 



Table 5-3 

Chemical Element Content of Natural Soils 
American Chemical Services NPL Site 

Remedial Investigation 

CQmmQn Range Averae;e CQmmQn Range Av~rage 
Element (ppm) (ppm) Element (ppm) (ppm) 

Aluminum 10,000-300,000 71,000 Lithium 5-200 20 

Antimony 2-10 Magnesium 600-6,000 5,000 

Arsenic 1-50 5 Manganese 20-3,000 600 

Barium 100-3,000 430 Mercury 0.01-0.3 .03 

Beryllium 0.1-40 6 Molybdenum 0.2-5 2 

Boron 2-100 10 Nickel 5-500 40 

Bromine 1-10 5 Radium 8 x 1o-s 

Cadmium 0.01-0.7 .06 Rubidium 50-500 10 

Cesium 0.3-25 6 Selenium 0.1-2 .3 

Chlorine 20-900 100 Silver 0.01-5 .05 

Chromium 1-1,000 100 Strontium 50-1,000 200 

Cobalt 1-40 8 Tin 2-200 10 

Copper 2-100 30 Tungsten 1 

Fluorine 10-4,000 200 Uranium 0.9-9 1 

Gallium 0.4-300 30 Vanadium 20-500 100 

Gold 1 Yitrium 25-250 50 

Iodine 0.1-40 5 Zinc 10-300 50 

Lanthanum 1-5,000 30 Zirconium 60-2,000 300 

Lead 2-200 10 

Reference: U.S. EPA Office of Solid Waste and Eme~ency Res-7-onse, 
Hazardous Waste Land Treatment, SW-874 {April, 19 3) Page 2 3, Table 6.46 
V251RI Table SfJDDfPN 
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TABLES-4 
Summary or Data Collected During RI 
American Chemical Services NPL Site 

Remedial Investigation 

Classification or Dissolved Inorganic 
Constituents in Naturally Occurring Groundwater 

(from Davis and DeWiest, 1966) 

Major Constituents (greater than 5 mg/L) 

Bicarbonate alkalinity 
Calcium 
Chloride 

Magnesium 
Sodium 
Sulfate 

Minor Constituents (0.01-10.0 mg/L) 

Fluoride 
Iron 

Nitrate 
Potssium 

Trace Constituents (less than 0.1 mg/L) 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 

Manganese 
Nickel 
Phosphate 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 



( 

Table 6-1 
Page 1 of 3 

Physical/Chemical Properties of Target Compound list Chemicals 

Organic Octanol 
Carbon Water 

Molecular Water Vapor Henry's Law Part it ion Partition 
Density Weight Sol ubi 1 ity Pressure Constant Coefficient Coefficient 

gfu:_ (g/mo l e) (mg\ l) (mm Hg) (atm-m3/mole) (ml/g) ____ilQg 1 oL 
Volatile 

Chloromethane 0.92 50 6.50E+03 4.31E+03 4.40E-02 3.5E+01 0.95 
Vinhl Chloride 1.37 63 2.67E+03 2.66E+03 8.19E-02 5.7E+01 1.38 
Met ylene Chloride 1.33 85(4) 2.00E+04(4) 3.60E+02(4) 2.03E-03 8.8E+OO 1.30 
Acetone 0.79 58 I.OOE+06 2.70E+02 2.06E-05 2.2E+OO -0.24 
1,1-Dichloroethene 1.22 97 2.25E+03 6.00E+02 3.40E-02 6.5E+Ol 1.84 
1,1-Dichloroethane 1.18 99 5.50E+03 1.82E+02 4.31E-03 3.0E+01 1. 79 
1,2-Dichloroethene (Trans) 1.26 97 6.30E+03 3.24E+02 6.56E-03 5.9E+01 0.48 
Chloroform 1.48 119 8.20E+03 1. 51E+02 2.87E-03 3.1E+01 1. 97 
2-Butanone 0.81 72(4) 3.5E+05(4) 7 .8E+01 (4) 2.74E-05 4.5E+OO 0.26(4) 
1,1,1-Trichloroethane 1.34 133 1.50E+03 1.23E+02 1.44E-02 1. 5E+02 2.5 
Carbon Tetrachloride 1.59 154 7.57E+02 9.00E+01 2.41E-02 1. 1 E+02 2.64 
Trichloroethene 1.46 131 1.10E+03 5.79E+01 9.10E-03 1.3E+02 2.38 
1,1,2-Trichloroethane 1.44 133 4.50E+03 3.00E+01 1.17E-03 5.6E+Ol 2.47 
Benzene 0.88 78 1. 75E+03 9.52E+Ol 5.59E-03 8.3E+Ol 2.12 
4-Methhl-2-Pentanone 0.80 100(4) 1. 70E+04(4) 6.0E+00(4) -- -- --Tetrac loroethene 1. 62 166 1.50E+02 1. 78E +01 2.59E-02 3.6E+02 2.6 
Toluene 0.87 92 5.35E+02 2.81E+01 6.37E-03 3.0E+02 2.73 
Chlorobenzene 1.11 113 4.66E+02 1.17E+01 3.72E-03 3.3E+02 2.84 
Ethyl benzene 0.87 106 1. 52E+02 7.00E+OO 6.43E-03 1.1E+03 3.15 
Xy 1 enes (tot a 1) 0.90 106 1.98E+02 1. OOE+01 7.04E-03 2.4E+02 3.26 
2-Hexanone 0.83 102.2 3.5E+04 2.0E+OO -- 1.4E+01 1.38 
1,2-Dichloroethane 1.25 99 8.52E+03 6.40E+01 9.78E-04 1.4E+01 1.48 
Cis-1,2-Dichloroethene 1.28 97 3.50E+03 2.08E+02 7.58E-03 4.9E+01 0.70 
Chloroethane 0.92 64.5 3.33E+03 4.57+02 -- 5.0E+01 1. 54 

Semivolatile 

Phenol 1.07* 94 9.30E+04 3.41E-01 4.54E-07 1.4E+01 1. 46 
2-Chloro~henol 1.26 128(4) 2.60E+04(4) -- -- -- 2.50(4) 
1,2-Dich orobenzene 1.30 147 1. OOE+02 l.OOE+OO 1.93E-03 1.7E+03 3.60 
2-Methylphenol 1.03 108 4 3.10E+04r~ 2.40E-01r~ 4-Methylphenol 1.02 108 4 2.40E+04 4 1.10E-01 4 -- -- 1.92(4) 
Isophorone 0.92 138 4 1.2E•04 ! 3.8E-01( ) -- -- --
Benzoic Acid 1.27* 122 4 2.9E+04 4 -- -- -- 1.87f4~ Naphthalene 0.96 128 4 3.0E+01 4 -- -- -- 3.01 4 
2-Methylnaphthalene 1. 01 142 5 2.5E-02 5 
2-Chloronaphthalene 1.14* 162 5 1.17E+01 
Dimethyl phthalate 1.19 194 4 5.00E+03(4) 



Acenaphthylene 
Acenaphthene 
Dibenzofuran 
Fluorene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Butyl benzyl phthalate 
Benzo(a)anthracene 
Bis(2-Ethylhexyl)Phthalate 
Chrysene 
Di-n-octylphthalate 
Benzo~blfluoranthene 
Benzo k fluoranthene 
Benzo a pyrene 
Indeno( ,2(3-cd)pyrene 
Dibenz(a,h,anthracene 
Benzo(g,h;i,)perylene 
Bis(2-chloroethyl)ether 
Bis(2-chloroisopropyl)ether 
Diethylphthalate 
Di-n-butylphthalate 
1,4-Dichlorobenzene 
1,3-Dichlorobenzene 

Pesticide 

Polychlorinated biphenyls 

Heavy Metal 

Chromium III and VI 
Lead 

Density 
g/cc 

0.90* 
1.02* 
1.09* 
1.20* 
1.98 
0.98* 
1.28* 
1.25* 
1.27* 
1.10 

1.27 
0.99 

1.22 
1.11 
1.12 
1.05 
1.46 
1.29 

Table 6-1 

Molecular Water 
Weight 

(g[mo 1 e) 
Sol ubi 1 ity 

{mg\ 1) 

152 3.93£+00 
154 3.42E+OO 
220(4) 
116 1.69E+OO 
266 1.40E+01 
178 1. OOE+OO 
178 4.50E-02 
202 2.06E-01 
202 1. 32E-01 
312(4) 2.9E+00(4) 
228 5.70E-03 
391 
228 l.BOE-03 
390(4) 2.85£-01(4) 
252 1.40£-02 
252 4.30E-03 
252 1.20£-03 
276 5.30E-04 
278 5.00£-04 
276 7.00E-04 
143 1.02E+04 
171 1. 70E+03 
222 8.96E+02 
278 1. 30E +01 
147 7.90E+01 
147 1.23E+02 

328 3.10E-02 

52 
207 
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Organic Octanol 
Carbon Water 

Vapor Henry's Law Partition Partition 
Pressure Constant Coefficient Coefficient 

(mm Hg) (atm-m3[mole) (ml/g) __{]Qg1oL 
2.90£-02 1.48E-03 2.5E+03 3.7 
1. 55E-03 9.20E-05 4.6E+03 4.00 

7 .10E-04 6.42E-05 7.3E+03 4.20 
1.10E-04 2.75E-06 5.3E+04 5.01 
6.80E-04 1.59E-04 1.4E+04 4.46 
1. 95E-04 1.02E-03 1. 4E+04 4.45 
5.00E-06 6.46E-06 3.8E+04 4.90 
2.50E-06 5.04E-06 3.8E+04 4.88 
8.6E-06(4) 4.78(4) 
2.20E-08 1.16E-06 1.4E+06 5.60 

6.30E-09 1.05E-06 2.0E+05 5.61 
1.34£+01 (4) 
5.00E-07 1.19E-05 5.5E+05 6.06 
5.10E-07 3.94E-05 5.5[+05 6.06 
5.60£-09 1. 55£-06 5.5£+06 6.06 
l.OOE-10 6.86£-08 1. 6E+06 6.50 
l.OOE-10 7.33E-08 3.3E+06 6.80 
1. 03E-10 5.34E-08 1.6E+06 6.51 
7.10E-01 1. 35E-05 1. 39E+01 1.50 
8.50E-01 1.13E-04 6.1E+01 2.10 
3.50E-03 1.14E-06 1.42£+02 142 
l.OOE-05 2.82E-07 1. 70E+05 5.60 
1.18E+OO 2.89E-03 1.7E+03 3.60 
2.28E+OO 3.59E-03 l.7E+03 3.60 

7.70E-05 1.07E-03 5.3E+05 6.04 

O.OOE+OO NA 
O.OOE+OO NA 

a All values were obtained from the U.S. EPA Superfund Public Health Evaluation Manual (SPHEM), 1986 unless otherwise referenced. (--) 
indicates property not identified. Below are definitions of chemical properties. 

Density of VOCs generally recorded at a temperature of 20° relative to water at 4°C. However, "*'' values were recorded at a different 
temperature (Refer to reference #6). 

Water Solubility is the maximum concentration of a chemical that dissolves in pure water at a specific temperature and pH. Values are 
given for a neutral pH and a temperature range of 20 to 400 C. The rate at which a chemical is leached from a waste by infiltrating 
precipitation is a function of its solubility in water. The more soluble compounds are expected to be leached much more readily and 
rapidly than less soluble chemicals. The water solubilities presented in the literature indicate that the volatile organic chemicals are 
usually several orders of magnitude more water soluble than the base/neutral organic compounds (e.g., PAHs, PCBs). 
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Vapor pressure provides an indication of the rate at which a chemical in its pure state volatilizes. Values are given for a temperature 
range of 20 to 300 C. It is of primary significance where environmental interfaces such as surface soil/air and surface water/air occur. 
Volatilization is not as important when evaluating groundwater and subsurface soils. Chemicals with higher vapor pressures are expected 
to enter the atmosphere much more readily than chemicals with lower vapor pressures. Vapor pressures for monocyclic aromatic (toluene) 
and chlorinated aliphatics (TCE) are generally many times higher than vapor pressure for phthalate esters (bis(2-ethylhexyl)phthalate), 
polynuclear aromatic hydrocarbons (PAHs), and pesticides. 

Henry's Law Constant is important in evaluating air exposure pathways. Values for Henry's Law Constant (H) were calculated using the 
following equation and the values previously recorded for solubility, vapor pressure, and molecular weight: 

H(atm-m3/mole) • Vapor Pressure (atm) x Mole Weight (g/mole) 
Water Solubility (g/m3) 

Organic Carbon Partition Coefficient (Koc) is a measure of the tendency for organics to be adsorbed by soil and sediment and is expressed 
as: 

Koc ~ mg chemical adsorbed/kg organic carbon 
mg chemical dissolved/liter of solution 

The Kocis chemical specific and is largely independent of soil properties. In general, the Kocis inversely related to its environmental 
mobility. Refer to SPHEM for sources of the values. 

The Octanol/Water Partition Coefficient is used to estimate bioconcentration factors in aquatic organisms. A linear relationship between 
the octanol/water partition coefficient and the uptake of chemicals by fatty tissues of animal and human receptors (the bioconcentration 
factor) has been determined. It is also useful in estimating the sorption and desorption of compounds by organic soils, where 
experimental values are not available. 

(4) Verschueren, K. Handbook of Environmental Data on Organic Chemicals. Van Nostrand Reinhold Co., New York, 1983. 

(5) Mackay, D. and Shire, W. Y. A critical review of Henry's Law constants for chemicals of environmental interest. J. Phys. Chern. Ref. 
Data. 10(4): 1175-1199, 1981. 

(6) Weast, R.C. (ed) Handbook of Chemistry and Physics 54th Edition. CRC Press, Cleveland, 1973. 

JDD/jlv/JAH 
rvlr-401-69a] 
60251.18 



TABLE 6-2 

RETARDATION FACTORS 
ORGANICS DETECTED IN UPPER AQUIFER 

ACS SITE, GRIFFITH, INDIANA 

M\1-7 MU-9 
-----------EAST------------- -----------UEST-------------

UPPER CONFINING LO\IER UPPER CONFINING Lo.IER 

n = 0.287 0.257 0.295 0.311 0.327 0.298 
Foe = 1.40% 1.60% 0.68% 0.29% 1.20% 0.31% 

UPPER AQUIFER 
COHPClJND Koc Rf Rf Rf Rf Rf Rf 
--------------------------
Chloromethane 35 4.24 5.14 2.53 1.62 3.44 1.69 
Vinyl chloride 57 7.99 7.74 3.50 2.01 4.97 2.13 
Chloroethane 115 15.10 14.60 6.04 3.04 9.02 3.27 
Methylene chloride 8.8 2.08 2.04 1.39 1.16 1..C,1 1.17 
Acetone 2.2 1.27 1.26 1.10 1.04 1. ~5 1.04 
1, 1-Dichloroethene 30 4.68 4.55 2.31 1.53 3.09 1.59 
cis-1,2-Dichloroethene 49 7.01 6.80 3.15 1.87 4.42 1.97 
1,2-Dichloroethane 14 2.n 2.66 1.61 1.25 1.98 1.28 
2-Butanone 4.5 1.55 1.53 1.20 1.08 1.31 1.09 
Trichloroethene 126 16.45 15.90 6.52 3.23 9.79 3.49 
Benzene 83 11.18 10.82 4.64 2.47 6.79 2.64 
4-Methyl-2-pentanone 21 3.58 3.48 1.92 1.37 2.46 1.42 
2-Hexanone 14 2.n 2.66 1.61 1.25 1.98 1.28 
Tetrachloroethene 364 45.64 44.06 16.94 7.45 26.38 8.19 
Toluene 300 37.79 36.49 14.14 6.32 21.92 6.93 
Chlorobenzene 330 41.47 40.04 15.45 6.85 24.01 7.52 
Ethyl benzene 1100 135.91 131.12 49.18 20.49 77.70 22.74 
total-Xylenes 240 30.44 29.39 11.51 5.25 17.73 5.74 

Polychlorinated biphenyls 530000 65003.33 62693.61 23213.20 9391.03 36955.13 10476.50 

Phenol 14.2 2.74 2.68 1.62 1.25 1.99 1.28 
bis(2-chloroethyl)ether 13.9 2.70 2.64 1.61 1.25 1.97 1.27 
1,3-Dichlorobenzene 1700 209.50 202.09 75.45 31.12 119.53 34.60 
1,4-Dichlorobenzene 1700 209.50 202.09 75.45 31.12 119.53 34.60 
1,2-Dichlorobenzene 1700 209.50 202.09 75.45 31.12 119.53 34.60 
2-Methylphenol 15 2.84 2.77 1.66 1.27 2.05 1.30 
bis(2-chloroisopropyl)ether 61 8.48 8.22 3.67 2.08 5.25 2.21 
4-Methylphenol 17 3.08 3.01 1.74 1.30 2.19 1.34 
lsophorone 25 4.07 3.96 2.09 1.44 2.74 1.49 
Benzoic acid 57 7.99 7.74 3.50 2.01 4.97 2.13 
Naphthalene 6n 83.42 80.49 30.43 12.91 47.86 14.28 
Diethylphthalate 142 18.42 17.80 7.22 3.52 10.90 3.81 
Pentachlorophenol 53000 6501.23 6270.26 2322.22 940.00 3696.41 1048.55 
Oi·n-butylphthalate 170000 20850.81 20109.95 7446.42 3012.90 11854.21 3361.07 
2,4-0imethylphenol ? 
4-Chloro-3-methylphenol ? 
2-methylnaphthalnene ? 
bis(2-ethylhexyl)phthalate ? 
------------------------------------------------------------------~----------------------------------------

Retardation Factor (Rf) = 1 + (Pb/n) * Kd 

where: 
Pb =Aquifer bulk density (g/cm3) 
n = effective porosity 

Kd = Distribution coefficient 

Kd = Koc * Foe 

where: 
Koc = Organic Carbon Partition Coefficient 
Foe = Organic Carbon Fraction (%) 

JAH/jah/JDD 



Table 6·3 

Theoretical Contaminant Velocities Across Confining Layer 
ACS Site, Griffith, Indiana 

(1) (2) ( 1) (2) 
COMPOOND Rf(MIJ07) Cv Range (ft/yr) Rf(Mio'09) Cv Range (ft/yr) 
-------------------------- --------·---------- -------------------
Chloromethane 5.14 0.047 . 0.089 3.44 0.070 . 0.134 
Vinyl chloride 7.74 0.031 . 0.059 4.97 0.048 . 0.092 
Chloroethane 14.60 0.016 . 0.032 9.02 0.027 . 0.051 
Methylene chloride 2.04 0.118 . 0.225 1.61 0.149 . 0.285 
Acetone 1.26 0.190 . 0.365 1.15 0.208 . 0.399 
1,1·Dichloroethene 4.55 0.053 . 0.101 3.09 0.078 . 0.149 
cis-1,2-Dichloroethene 6.80 0.035 . 0.068 4.42 0.054 . 0.104 
1,2-Dichloroethane 2.66 0.090 . 0.173 1.98 0.121 0.233 
2·Butanone 1.53 0.157 . 0.300 1.31 0.183 . 0.350 
Trichloroethene 15.90 0.015 . 0.029 9.79 0.025 . 0.047 
Benzene 10.82 0.022 . 0.043 6.79 0.035 . 0.068 
4·Methyl·2·pentanone 3.48 0.069 . 0.132 2.46 0.097 . 0.187 
2·Hexanone 2.66 0.090 . 0.173 1.98 0.121 0.233 
Tetrachloroethene 44.06 0.005 . 0.010 26.38 0.009 . 0.017 
Toluene 36.49 0.007 . 0.013 21.92 0.011 0.021 
Chlorobenzene 40.04 0.006 . 0.011 24.01 0.010 . 0.019 
Ethyl benzene 131.12 0.002 . 0.004 77.70 0.003 . 0.006 
total-Xylenes 29.39 0.008 . 0.016 17.73 0.014 - 0.026 

Polychlorinated biphenyls 62693.61 0.000 . 0.000 136955.13 0.000 - 0.000 

Phenol 2.68 0.090 . 0.172 1.99 0.121 0.231 
bis(2·chloroethyl)ether 2.64 0.091 . 0.174 1.97 0.122 . 0.234 
1,3-Dichlorobenzene 202.09 0.001 . 0.002 119.53 0.002 - 0.004 
1,4-Dichlorobenzene 202.09 0.001 . 0.002 1 19.53 0.002 - 0.004 
1,2-Dichlorobenzene 202.09 0.001 . 0.002 1 19.53 0.002 . 0.004 
2-Methylphenol 2.77 0.087 . 0.166 2.05 0.117 - 0.225 
bis(2·chloroisopropyl)ether 8.22 0.029 . 0.056 5.25 0.046 - 0.088 
4-Methylphenol 3.01 0.080 . 0.153 2.19 0.110 . 0.210 
Jsophorone 3.96 0.061 . 0.116 2. 74 0.087 - 0.168 
Benzoic acid 7.74 0.031 . 0.059 4.97 0.048 - 0.092 
Naphthalene 80.49 0.003 . 0.006 47.86 0.005 0.010 
Diethylphthalate 17.80 0.013 . 0.026 10.90 0.022 - 0.042 
Pentachlorophenol 6270.26 0.000 . 0.000 3696.41 0.000 . 0.000 
Di·n·butylphthalate 20109.95 0.000 . 0.000 11854.21 0.000 . 0.000 
2,4-0imethylphenol Not Determined 
4·Chloro·3-methylphenol Not Determined 
2·methylnaphthalene Not Determined 
bisC2·ethylhexyl)phthalate Not Determined 

Notes: Retardation factors (Rf) calculated based on total organic carbon content in confining layer 
at MIJ07 and Mll09 (see Table 6·?) 

2 · Contaminant velocity (Cv) range based on calculated vertical seepage rates (Vs) from 0.24 ft/yr 
to 0.46 ft/yr (see Table 4·7), Cv = Vs/Rf. 

JDD/jdd/ JAH 



Table 6·4 

Theoretical Contaminant Velocities Through Upper Aquifer 
ACS Site, Griffith, Indiana 

(2) (2) 
Contaminant Velocity (Cv) (ft/yr) Cv (ft/yr) 
--------·------------------------------ .................... 

UPPER AQUIFER (1) Flow Flow Flow Flow ( 1) Flow 
COHPCXJND Rf (HIJ09) Path #1 Path #2 Path tf3 Path #4 Rf (HIJ07) Path #5 
-------------------------- -··----- -------- -------- -------- .................... 

Chloromethane 1.62 37.65 82.72 12.35 35.19 4.24 18.40 
Vinyl chloride 2.01 30.35 66.67 9.95 28.36 7.99 9.76 
Chloroethane 3.04 20.07 44.08 6.58 18.75 15.10 5.17 
Methylene chloride 1.16 52.59 115.52 17.24 49.14 2.08 37.50 
Acetone 1.04 58.65 128.85 19.23 54.81 1.27 61.42 
1,1-Dichloroethene 1.53 39.87 87.58 13.07 37.25 4.68 16.67 
cis·1,2·Dichloroethene 1.87 32.62 71.66 10.70 30.48 7.01 11.13 
1,2-Dichloroethane 1.25 48.80 107.20 16.00 45.60 2.72 28.68 
2-Butanone 1.08 56.50 124.11 18.52 52.79 1.55 50.26 
Trichloroethene 3.23 18.87 41.46 6.19 17.63 16.45 4. 74 
Benzene 2.47 24.69 54.24 8.10 23.07 11.18 6.98 
4·Hethyl·2·pentanone 1.37 44.40 97.66 14.58 41.54 3.58 21.81 
2-Hexanone 1.25 48.88 107.37 16.03 45.67 2.72 28.71 
Tetrachloroethene 7.45 8.19 17.99 2.68 7.65 45.64 1. 71 
Toluene 6.32 9.66 21.22 3.17 9.03 37.79 2.06 
Chlorobenzene 6.85 8.91 19.57 2.92 8.33 41.47 1.88 
Ethyl benzene 20.49 2.98 6.54 0.98 2.78 135.91 0.57 
total- Xyl enes 5.25 11.61 25.51 3.81 10.85 30.44 2.56 

Polychlorinated biphenyls 9391.03 0.01 0.01 0.00 0.01 65003.33 0.00 

Phenol 1.25 48.74 107.06 15.98 45.54 2.74 28.45 
bis(2-chloroethyl)ether 1.25 48.95 107.52 16.05 45.74 2.70 28.84 
1,3-Dichlorobenzene 31.12 1.96 4.31 0.64 1.83 209.50 0.37 
1,4-Dichlorobenzene 31.12 1.96 4.31 0.64 1.83 209.50 0.37 
1,2-Dichlorobenzene 31.12 1.96 4.31 0.64 1.83 209.50 0.37 
2·Hethylphenol 1.27 48.19 105.87 15.80 45.03 2.84 27.47 
bis(2-chloroisopropyl)ether 2.08 29.32 64.40 9.61 27.39 8.48 9.20 
4-Hethylphenol 1.30 46.88 102.98 15.37 43.81 3.08 25.28 
lsophorone 1.44 42.28 92.87 13.86 39.50 4.07 19.18 
Benzoic acid 2.01 30.35 66.67 9.95 28.36 7.99 9.76 
Naphthalene 12.91 4.73 10.38 1.55 4.42 83.42 0.94 
Diethylphthalate 3.52 17.35 38.11 5.69 16.21 18.42 4.24 
Pentachlorophenol 940.00 0.06 0.14 0.02 0.06 6501.23 0.01 
Di·n-butylphthalate 3012.90 0.02 0.04 0.01 0.02 20850.81 0.00 
2,4-Dimethylphenol Not Determined 
4-Chloro-3-methylphenol Not Determined 
2·methylnaphthalene Not Determined 
bis(2·ethylhexyl)phthalate Not Determined 

Notes: · Retardation factors (Rf) calculated based on total organic carbon content in upper aquifer soils 
at MIJ07 and MIJ09 (see Table 6-?) 

2 • Contaminant velocity (Cv) based on calculated horizontal seepage rates (Vs) along Flow Path #1 (61 ft/yr), 
Flow Path #2 (134 ft/yr), Flow Path #3 (20 ft/yr), Flow Path #4 (57 ft/yr) and Flow Path #5 (78 ft/yr) 
see Figure 4-19 for flow path locations, and Table 4·5 for seepage rate calculations, Cv = Vs/Rf. 
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TABLE 6-5 

RETARDATION FACTORS 
ORGANICS DETECTED IN LOUER AQUIFER 

ACS SITE, GRIFFITH, INDIANA 

M\107 
LOIJER 

................ 

n = 
Foe = 

LOUER AQUIFER 
COMPOUND Koc 
-------------·------------
Chloroethane 115 
bis(2-chloroethyl)ether 13.9 

Retardation Factor (Rf) = 1 + (Pb/n) * Kd 

where: 
Pb = Aquifer bulk density (g/cm3) 
n = effective porosity 

Kd = Distribution coefficient 

Kd = Koc '* Foe 

where: 

0.295 
0.68X 

Rf 

6.04 
1.61 

Koc Organic Carbon Partition Coefficient 
Foe Organic Carbon Fraction CX) 

JAH/jah/JDD 

M\109 
LOIJER 

.. ................. 
0.298 
0.31X 

Rf 

3.27 
1.27 



Table 6·6 

Theoretical Contaminant Velocities Through Lower Aquifer 
ACS Site, Griffith, Indiana 

LO'WER AOUIFER 
COMPOUND 

Chloroethane 
bisC2-chloroethyl)ether 

Rf (H\J09) 

3.27 
1.27 

Contaminant 
Velocity Cft/yr) 

22.30 
57.27 

Notes: 1 - Retardation factors (Rf) calculated based on total organic carbon content in lower aquifer 
at H\J09 (see Table 6-?) 

2 - Contaminant velocity CCv) based on calculated horizontal seepage rate (Vs) of 73 ft/yr 
(see Figure 4-21), Cv = Vs/Rf. 
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Element 

Al 

As 
Ba 
Be 
Cd 
Cr 
Cu 

Fe 
Hg 
Pb 

Mn 
Mo 
Ni 
Se 
s 
v 
Zn 

Table 6-7 

SUMMARY OF IMPORTANT SOLUBILITY-CONTROLLING SOLIDS 
REPORTED IN THE LITERATURE(a) 

Observed/Predicted{b) 

Al(OH)3,KAl3(S04)2(0H)6, 
AlOHS04, Kaolinite, Montmorillonite 

BaS04 

CdC03, Cd3(P04)2 
Cr(OH)3 
Cu(OH)z 

Fe(OH)3,Fe3(0H)s,FeC03 

HgS 
Pb(OH)2,PbC03,Pb3(P04)2,Pb40(P04)2, 

Pb5(P04)30H 
MnC03,Mn-oxides 
PbMo04 
NiS 

CaS04,Al4(0H)IQS04·5H20,KA13(S04)2(0H)6 

Zn{OH)2,ZnC03,ZnSi04 

Speculated(c) 

Be(OH)z 
(Ca,Cd)C03 

FeCrz04 

Cuz(P04)3, 
Cuz(OH)zC03 

FeMo04,Fez(Mo04)3 
NiFez04 

Fez(Se03)3 

Fez(V03)2,VO(OH)2·Hz0 
ZnFez04 

(a) After Battelle, Pacific Northwest Laboratories, 1984. 
All solid phases are not expected in all environments; e.g., hydroxides 
and carbonate solids are expected only under near neutral to alkaline 
conditions and sulfides (e.g., HgS, NiS) are expected only under very 
reducing conditions. 

{b) Solids whose presence has been established through physical observations 
of geologic materials or through similarities in ion activity products 
with the solubility products. 

(c) The formation and presence of Fe-containing compounds are speculated 
primarily based on adsorption experiments or observed association of 
other elements with iron oxides. 
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NQTES 
1. JNmM. IIAII ~.JrAI OIVIt.OI'IO FOA CAW' OAESSIII & 

MC1CU INC OH ~I. t-. MAl' HAl IUH li'OATID 
,110M AH AlftiAI.-PttoTOGIW'H CW THI SITI 'L0WM OM 
NO'IIUIIII 3. 1MriW IIClHD OICAGO AIJIIAL IUINIY.INC. 
THI IAII WAI' WAI UI'OATID IAIID ON THI AIRIAL 
I'HOTOGIW'H ~ GIONIX. 

I. VlllTICAL DANM. UIGI DATUU. COH1'0UR INTEIIVAL IS (I) 
QNif'OOT. 

3.. SOIL IOIIINGI S80t TO S811 NftJ AUGER I'AOeU M'·t TO Al'-44 
fOil I'HAat! I W£111 DNIJ.£0 ~ IXI'\.ORATION TECHNOLOGY 
INC. .m LM)EII THI! SU'tiMSION 0# WARZYN IN AUGUST NftJ 
SPT&I8ER 1111111.. 

4. SOIL IIOfiiNGS 88» TO S81S NftJ AUGER l'tiOBES Al'-4 TO N'· 
a FOil ~'HAS~ I wmtl DM.I.ED IY IXPU:lRATION TEQtNOLOQY 
INC. (ETI) UNDER THI SUI'!IMSION 0# WARZYN IN WAY AHD 
.utlt-.. 

L I.OCAT10HI FOR SOI.IIOIIINGI 'MTH ~ NftJ TEST l'rTS 
Willi ,.ILO LOCATIO IY I!WI INOINEI!IUNG ASSOC. 
IUIM'f'QRS. 

I. I.OCAT10HI 01 AUOIIII'ROIIES MI. Al'f'ROXIW.TE. 

7. SOIL 11C1NNG NUt.tiiN S811 NftJ ~DO NOT EXIST • 
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NOTES 
1. ININL IASI loW' _. DfttiOPID POA CAW' ORISSEA & 

MQCIIINC ON NO ..... I, liM. loW' HAS MEN \I'OAliD 
'ROM AH AIIUAI. ~ 01' THI liTE ,I.OWN ON 
NOVIMIIIl :1. t• ir GalHIX 01CAG0 AIJUL SURVEY, INC. 
THI IAII loot," WAI UPDATED IAIID ON THI AIRIAI. 
I'HOTOGIW'H IV GEONIX. 

I. VUTICAL DATUM IS U1G1 DAT\M COHI'CIUft INT!IIVAI. IS (1) 
ONII'OOf. 

3. IOI.IOMIGI SIOI TO Ull N«l AUOEJII'RORS II· I TO 11-44 
,OR I'HAIII WEI\! DNlL!D IY I!XPU:IRAT10H TECHNOI.OGY 
INC. IE11t UNDER THEIU'IRVI$0H ~ WMZYN IN AUGUST N«J 

~1--
... IOI.IONNGS 8131 TO A71 N«l AUGER I'AOeES 11-4 TO II· 

I:II'Oft I'HASI I WEnl DMJ.m IY DJ'\.ORATION TECHNOLOGY 
INC. (01) UNDeft THIU'e!MIIOH ~ WAIIZYN IN YAY AHO 
.II.M1a. 

L LOCAT10HII'Oft SOII.IIOfiNGI wrTH SAWUNO N«J TEST PITS 
WIRI "ILD LOCII'TID BY EWI ENGINI!ERINQ ASSOC. 
IUR'4YORS. 

I. LOCATIONS~ AUCER PACKS~ N'I'AOXIMATE. 

1. SOIL. lORING~ UIIN«l 1834 00 NOT EXIST. 
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UPPER ~UIFER MONITORING WEU 
LOCATION & NUMBER 

I 

LOWER ~UIFER MONITORING W~U 
LOCATION & NUMBER 

LEACHATE HEAOWELL LOCATION 
& NUMBER 

PIEZOMETER LOCATION & NUMBER 

STAFF GAUGE LOCATION & NUMBER 

AQUIFER MATRIX SAMPLE LOCATION 
& NUMBER 

NOTES 
1. INITIAL BASE UAP WAS DEVELOPED FOR CAMP DRESSER & 

MCKiE INC. ON NOVEMBER 8, 1985. UAP HAS BEEN UPDATED 
FRoM AN AERIAL PHOTOGRAPH OF SITE FLOWN ON NOVELI8ER 
3, 19811 BY GEONEX CHICAGO AERIAL SURVEY, INC. THE BASE 
MAP WAS UPDATED BASED ON THE AERIAL PHOTOGRAPH. 

2. MONITORING WELL M\'101, STAFF GAUG!:S SG1 AND SG9 HAVE 
BEEN DESTROYED. STAFF GAUGES SG·1R AND SG-IIR ARE THE 
CORRESPONDING REPLACEMENT STAFF GAUGES. 

3. VERTICAL SITE DATUM IS USGS DATUM, CONTOUR INTERVAL IS 
(1) OIJE FOOT. 

4. MOt~ITORING WELL ATMW-40 WAS DRILLED AND INSTALLED BY 
ATEC ENGINEERING ASSOC, ON SEPTEMBER 27, 1985, THE 
LOCATION OF ATMW-4D IS APPROXIMATE. 

5. MONITORING WELL MW01 TO 1.1W06 WERE DRILLED At<D 
INSTALLED BY EXPLORATION TECHNOLOGY INC (ETI) UNDER THE 
SUPERVISION OF WARZ'fN DURING THE PHASE I INVESTIGATION 
IN JULY 1989. 

6. MONITORING WELL MW07 TO MW18 WERE DRILLED AND 
INSTALLED BY EXPLORATION TECHNOLOGY INC (ETI) UNDER THE 
SUPERVISION OF WARZ'fN DURING THE PHASE II INVESTIGATION 
IN MARCH THROUGH JUNE 1990 . 

7. LOCATIONS OF MONITORING WELLS, PIEZOMETERS, AND 
SURFACE WATER STAFF GAUGES WERE FIELD LOCATED BY EWI 
ENGINEERING ASSOC. SURVEYORS. 

8. STAFF GAUGES ARE CONSTRUCTED OF IRON POLES AND WERE 
INSTALLED QY WARZ'fN. 

9. MONITORING WELL MW·01 WAS DESTROYED BY ROAD 
CONSTRUCTION DURING SPRING 1990. 

10. MONTORNG WELLS MW-19 TO MW-24 WERE DRILLED AND 
INSTALLED BY EXPLORATION TECHNOLOGY lte. IETII AND 
JOI-f,l MATHES & ASSOCIATES UNDER THE SUPERVISION OF 
WAI\ZYN DUFING THE PHASE Ill INVESTIGATION IN DECEMBER 
1900 & JANUARY 19111. 

FIGURE 2-3 
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·NOTES 

GEOPHYSICS INVESTIGATION AREA 

SEDIMENT SAMPLE LOCATION & 
NUMBER 

SURFACE WATER SAMPLE LOCATION 
& NUMBER 

·q, INITIM. BASE W.P WAS DEVELOPED FOR CAMP DRESSER & 
MC~E INC ON NOVEMBER 8. 11185. t.IAP HAS BEEN UPDATED 
FRO~ AN AERIAL PHOTOGRAPH OF THE SITE FLOWN ON 
NOV!WBER 3, 111811 BY GEONEX CHICAGO AERIAL SURVEY, INC. 
THE'BASE MAP WAS UPDATED BASED ON THE AERIAL 
PHOTOGRAPH BY GEONEX. 

2. ·vERTICAL DATUM IS USGS DATUM. CONTOUR INTERVAL IS (I) 
ONE FOOT. 

3. SURFACE WATER AND SEDIMENT SAMPLES WERE COLLECTED BY 
WARZVN. PHASE I SAMPLES SD01 THROUGH SD09 AND SWOI, 
SW02, SW05, SW07A AND SWOB WERE COLl..ECTED IN JULY 1989. 
PHASE II SEDIMENT SAMPLES SD10 THROUGH SD14 WERE 
COLlECTED ON MAY 23, 1990. PHASE II SAMPLES SDIS AND SDI6 
WERE COLLECTED ON JULY 3, 1990 AND RESAMPLED FOR VOCS 
ONLY ON JULY 25, 1990. 

4. LOCATIONS OF SURFACE WATER AND SEDIMENT SAMPLES WERE 
FIELO LOCATED BY EWI ENGINEERING ASSOC. SURVEYORS. 

5. SAMPLES LWS AND LW6 ARE LEACHATE EFFLUENT SAMPLES 
COLLECTED FROM TWO DEWATERING AREAS AT THE 
GRIFFITH LANDFILL DURING PHASE Ill • 

FIGURE 2~4 
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GWI• 

GW13e 

eGW7 

eGW6 

GW11• 

•GW9 

eGW23 

eGW24 

GW26• 

GW25• 

eGW1 

eGW27 

eGW28 

' 
'I 

GW15e 

•ow36 

. 
~{ •' 

. 
L 
~~:~,-~ ~--~ 

eGW16 

. GW37e 

.GW3 

•llWs 
GW4e 

'GW2' 

I 
r ' ~ : 

i :j 
'-' ! ''1 

•GW22 

eGW20 

eGW21 

GW1Qe 

eGW32 

•GW31 

•GW35 

•Gw33 

I eGW34 

.. /( 
/ ~-·"" /' 

i 

eGW29 

SCALE IN FEET 

! 

600 

LEGEND 
GEOPHYSICS INVESTIGATION AREA 

•GW1 GROUNDWATER SAMPLING POINT 
LOCATION & NUMBER 

NOTES 
1. INITIAL BASE loW' WAS DEVELOPED FOR CAMP DRESSER & 

loiQCIE INC ON NOVEMBER 8, 1885. loW' HAS BEEN UPDATED 
FROM AN AERIAl PHOTOGRAPtl OF THE SITE flOWN ON 
NOVEMBER 3. 1-BY GEONEX CHICAGO AERIAL SUII'IEY. INC. 
T!fl! BASI! UAI' WAS UPDATED BASED ON THI! AERIAl 
PHOTOGRAPH BY GEONeX. 

2. VERTICAL DAnJM IS USGS DATUM. CONTOUR INTERVAL IS (I) 
ONE FOOT. 

3. All GROUNDWATER SAMPLE POINTS WERE PART OF A SHAllOW 
GIIOUNDWATER INVESTIGATION PERFORMED BY TRACER 
RESEARCH CORPORATION UNDER SUPERVISION BY WARZYN 
ENGINEERING INC. (MARCH 26, 11190 TtiROUGH APRil2. 111110). 

4. GROUNDWATER WAS CDU..ECTED BY DRIVING HOllOW PR081!S 
WITH DETACHABLE DRIVE POINTS TO A SPECIFIED DePTH BELOW 
THI! WATER TA&l£ A GROUNDWATER SAMPLE WM COL.LECT1!D 
IN A 40 ML VOC VIAL TtiE HEAOSI'ACE OF EAQi SAW\.1! WM 
AHALVZED FOR BENZENE. ETHYL BENZENE. TOI.UENE,lM.ENEI, 
AND TOTAL PETROLEUM HYDROCARBONS USINO A I'OTAIU 
VARIAN 3300 (FlO) GAS CHROMATOGRAPH. All SAioll'l.l! AKJ 
AiW.YnCAL EQUIPMENT WAS CONTAINED IN A 4-WHEEI.. DRIVE 
TliACER VI<H. 

5. GROUNDWATER SAMPLE POINT LOCATIONS ARE APPROlCIUATE. 

e. REPORT Of' FINDINGS IS COMPILED IN APPENDIX J. 

FIGURE 2-5 
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SCALE IN FEET 

:·~' r' 

LEGEND 

eGwt 

2.400 

16 FEET! 

NOTES 

GEOPHYSICS INVESTIGATION AREA 

GROUNDWATER SAMPLING POINT 
LOCATION & NUMBER 

TOTAL BENZENE CONCENTRATION 
MEASURED IN GROUNDWATER (uglll 

SAMPLING DEPTH IN FEET BELOW 
GROUND SURFACE 

ESTIMATED OUTER HORIZONTAL 
EXTENT OF BENZENE PLUME -AT 
OR < 1.0 ug/1 BENZENE (DASHED 
WHERE INFERRED) 

1. INITIAL liAS! IUJI' WAS DEVELOPED FOR CAMP DRESSER 6 
~ INC OH NOVEMBER I, 11115. MAP HAS III!N U'OATED 
fROM AN AERIAL PHOTOGRAPH OF TH! SITE fLOWN OH 
NOV!MIII!R 3. 1- BY GEOHEX CHICAGO AERIAL SURVEY. INC. 
TH! lASE MAP WAS UPDATED BASED ON TH! AERIAL 
!PHOTOGRAPH BY GI!ONEX. 

2. 1/ERTICAL DATUM IS USGS DATUM. COI'lTOUR INTERVAL IS (1) 
ON! FOOT. 

3. AU. GROUNDWATEII SAMPLE POINTS WERE PART Of' A SHAU.OW 
llROUNDWATER INVESTIGATION PERFORMED BY TRACER 
fiESI!ARCH CORPORATION UNDER SUPERVISION BY WARZYN 
r:NGINEI!RING INC. (MARCH 211. lll90 THROUGH APRIL 2. 18110). 

4. GROUNDWATER WM COUECTEO BY DRIVING H0U.0W PftOBES 
WITH DETACHABLE DRIVE POINTS TO A SPECIFIED DEPTH aa.ow 
iH1! WATER TABLE A GROUNDWATER SAMPLE WM COl1..ECTED 
IN A 40 ML VOC VIAL THE HEAOSPACE OF EACH SAWlE WAS 
ANAL Yl£0 FOR BENZENE, ETHYL BENZENE, TOI..UENE. XYI.ENI!S, 
AND TOTAL PETROLEUM HYDROCARBONS USING A POTABL! 
VARIAN 3300 (FID) GAS CHROMATOGRAPH. All SAioiPlE AND 
ANALYnCAL EQUIPMENT WAS COI'lTAINEO IN A 4-wt££1. DRIVE 
TRACER VAN. 

5. GROUNDWATER SAMPLE POII'lT LOCATIONS ARE APPROXIMATE. 

11. flEI'()IIT OF FINDINGS IS COMPILED IN APPENDIX J. 

FIGURE 2-6 
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UPPER AQUIFER PRIVATE 
WELL LOCATION 

LOWER AQUIFER PRIVATE 
WELL LOCATION 

(PW01) PRIVATE WELL SAMPLING 
LOCATION 

NOTES 
1. BASE MAP DEVELOPED FROM HGbllANO &: 

ST. JO......,, INDIANA 7.5 MINUTE USGS 
TOPOGRAPHC QUADRANGLE MAPS DATED 

'1968 AND 1962 RESPECTIVELY, 
· PHOTOREVISEO 1980. 

... -· ....... .. l 
J 
) 

MERE -2. PRIVATE WaL DATA WAS OBTAII'fi8.6.ROM 
_ __ 'THE INDANA CEPARTMENT CF NAI'.uf~AL• 

- · - ~ 'RESOURCES, DIVISION OF WATER -.et.L! 
. LOGS, OR A USEPA SURVEY, OR A WARZYN 
DOOR TO DOOR SURVEY. 

-·~ ~·- :!r~/ 3. SUMMARY OF PRIVATE WELLS LOCATED ON 

R 

THIS MAP IS INCLUDED IN TABLE 2.:6; 
-· 1 

4. INDIANA DEPARTMENT OF NATURAL -
RESOURCES WELL LOGS ARE INCLUOEO IN 
APPENDIX L. 

5. PRIVATE WELL SAMPLING WAS CONDl.CI'EO 
BY WARZYN ENGINEERING INC. ON ·Jltl£' 

I -- -

..... ,~t.- 13 & 14, 1990. . 
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Calumet Lacustrine Plain 

... ~ 
~ .~ 

Norlh ~ Q: 

(; ~ 
§ e 

~ 
~ a 

Valparaiso Morainal Area 

------------------ -

EXPLANATION 

Till or clay Shale 

Sand ond (or) gravel Limestone or dolomite 

Konkl.lkee Outwash and 
Lacustrine Plain 

Soulh 

-· ... ..... ~. 

NOTES 
1. CROSS-SECTION EXTENDS NORTH-SOUTH 

·THROUGH LAKE COUNTY. 

2. CROSS-SECTION HAS BEEN MODIFIED FROM 
HARTKE,ET.Al 1975, FIGURE 15. 

0 5 10 
SCALE IN MILES 

FIGURE 4-1 
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P-38$

SG-7. 
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SG-2 
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tf!P-15 lftP-16 
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SG-9 
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SCALE IN FEET 
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,• 

LEGEND 

$MW01 

$t.tN~o 

*LW01 

$P-1 

tsG-1 

$AMCl1 

GEOPHYSICS INVESTIGATION AREA 

UPPER .baUIFER MONITORING WEll 
LOCATION & NUMBER 

LOWER .baUIFER MONITORING WELL 
LOCATION & NUMBER 

LEACHATE HE.ADWELL LOCATION 
& NUMBER 

PIEZOMETER LOCATION & NUMBER 

STAFF GAUGE LOCATION & NUMBER 

AQUIFER MATRIX SAMPLE LOCATION 
& NUMBER 

GEOLOGIC CROSS-SECTION LOCATION 

NOTES 
1. !INITIAl. BASI IW" WAS DEVELOPED FOR CAYP ORESSIA A 

1

1UCICU INC. ON NOVEM8ER I. 111115. MAP HAS BEI!N UPDATED 
l'fiCM #H AERIAl. PHOTOGRAPH OF SITE R.OYIN ON~ 
13. ,_. BY GEONEX CHICAGO AERIAL SURVEY, INC. THE lASE 
WI' WAS lJI'OATEO BASED ON niC AEliiAI.. PHOTOGIW'H. 

2.. MONITORING WEJ.L.IAWOI, STAFF GAUGES SG1 AKJ SG8 HAll! 
BEEN DESTROYED. STAFF GAUGES SG-1A #HO ~ARE THe 
CQRR£SPONOING REI'I.,N;EMENT STAFF GAUGES. 

3.. VEJmCAL SITE OAnJM IS USGS OAT\JM. CONTOUR INTERVAL IS 
(1) ONE FOOT. 

4. MONITORING WELL. ATMW-40 W.M ORIL1.£0 #HO INSTALLED BY 
ATEC ENGINEERING ASSOC. ON SEPTEMBER %7. 111115. THI 
LQC.\TIOH Of An.tW-40 IS APPROXIMATE. 

5. MONITORING WELL MW01 TO r.tW08 WERE DRILLED AHD 
INSTALLED BY EXPLCRAnON TECHNOLOGY INC (EJ1I UNDIR THE 
SUI'EIMSION Of WAAZYN DURING THE PHASe IINII!SllGATION 
IN.U..Y18811. 

a. MONITORING WELL r.tW07 TO r.tW18 WERI DRILLED AHO 
INSTALLED BY EXPlDRAnON TEOINOLOGY INC (EJ1I UNDER llE 
SU'ERVISION OF WAAZYN DURING THE PHASE q INIIESllGAllON 
IN MARCH THROUGH JUNE \11510. 

7. LOCATIONS OF MONITORING WELLS, PIEZOMETERS. AND 
SURFACE WATER STAFF GAUGES WERE FIELD LOCATED BY E'M 
ENGINEERING ASSOC. SURVEYORS. 

I. SfAFF GAUGES ARE CONSTRUCTED OF IRON POLES AHlJ WERE 
INSTALLED BY WARZYN. 

a. MONITORING WELL r.tW·OI WAS OESTROY!D BY ROAD 
CQNSTRlJCnON DURING SPRING 11190. . 

FIGURE 4-2 
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SDMS US EPA REGION V 

FORMAT- OVERSIZED- 5 
IMAGERY INSERT FORM 

The item(s) listed below are not available in SDMS. In order to view original 
document or document pages, contact the Superfund Records Center. 

SITE NAME American Chemical Services 

DOCID# 154323 

DESCRIPTION site cross-sections 
OF ITEM(S) 

REASON WHY _x_oVERSIZED OR - FORMAT 

UN SCANNABLE 

DATE OF ITEM(S) 9/21/90 

NO. OF ITEMS 4 

PHASE REM1,REM8 

PRP RMD - American Chemical Services 

PHASE - Remedial - Removal - Deletion Docket - AR 

(AR DOCUMENTS ONLY) 
_ Original _Update# _ Volume - of -

o.u. 
LOCATION Box# Folder# Subsection 

COMMENT(S) 

Items partially scanned 
Figures 4-3 through 4-6 
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SG-5 GROUND SURFACE 

MW10 
MW13 

' ' - ' .. , I ' ... ----------..,.,... 

SAND (UPPER AQUIFER) 

rP.11 - r~~ - - - -
TY CLAY (CONFINING LA YEA) 

----1"<:11 ---

'AND (LOWER AQUIFER) 

WEST 
ELEVATION 

660 

650 

640 

630 

620 

610 

600 

590 

580 

LEGEND 

~ LEAN CLAY m GRAVELLY SILT \1 

~ SILTY CLAY IBrl SILTY SAND 'Y 
IZI SANDY LEAN CLAY [:J PEAT OR ORGANIC SILT OR CLAY 

~ FILL D CLEAN SAND 

~ CLEAN GRAVEL Q CLAYEY SAND 

~ CLAYEY GRAVEL LJ CLAYEY SAND 

~ SILTY GRAVEL ~ GRAVELLY SAND 

~ SANDY GRAVEL ffill SANDY SILT 

[I] SILT II TOPSOIL 

NOTES 
1. THE STRATUM UNES ARE BASED ON INTERPOLATION BETWEEN BORINGS 

AND MAY NOT REPRESENT ACTUAL SUBSURFACE CONDITIONS . 

2. CROSS SECTION LOCATIONS ARE SHOWN ON FIGURE 4-2. 

3. fOR THE PURPOSE Of ILLUSTRATING SUBSOIL CONDITIONS ON THE 
CROSS SECTIONS, F!ME Of THE BORING LOGS HAVE BEEN SIMPUFIED. 
FOR A DETAILED D PTION OF SUBSURFACE CONDITIONS AT 
INDMDUAL BORING , REFER TO SOIL BORING LOGS, APPENDIX D OF 
TEXT. 

4. FOR COMPLETE MONITORING WELL INSTALLATION DETAILS REFER TO 
APPENDIX E OF TEXT. 

5. CROSS SECTIONS HAVE BEEN VERTICALLY EXAGGERATED 1WENTY TIMES. 

6. HORIZONTAL DISTANCES ARE MEASURED WITH RESPECT TO THE CENTER 
Of EACH SOIL BOP!NG LOCATION. 

7. EXISTING GROUND SURFACE WAS TAKEN fROM FIGURE 2-3. 
fURNISHED BY CHICAGO AERIAL SURVEY 
DATED 11 3,1989. 

8. ELEVATIONS ARE SHOWN IN REfERENCE TO U.S.G.S. DATUM. 

9. QUESTION MARKS AT THE CONTACTS BETWEEN SUBSOIL TYPES 
INDICATES THE CONTACTS ARE INfERRED. 

10. MONITORING WELL ATMW-4D WAS INSTALLED BY ATEC ASSOCIATES 
ON SEPTEMBER 27, 1985. 

11. THE GROUNDWATER ELEVATIONS SHOWN ARE BASED ON WATER LEVELS 
OBTAINED BY WARZYN ENGINEERING, INC. ON JULY 18, 1990. WHERE NOT 
MEASURED DIRECTLY, WATER LEVELS HAVE BEEN EXTRAPOLATED FROM 
THE WATER TABLE AND POTENTIOMETRIC SURFACE MAPS CONSTRUCTED 
fOR THAT DATE. 

CROSS SECTION SCALE 
10 

0 
0 200 400 

SCALE IN FEET 
VERTICAL EXAGGERATION: TWENTY TIMES 

UPPER AQUIFER WATER LEVEL 

LOWER AQUIFER WATER LEVEL 

'.i 

GROUND SURfACE 
t: l.D. RISER -1 

BACKFILLED WITH 
BENTONITE PELLETS 
AND BENTONITE SLURRY 

2" I.D. RISER 

- 2" I.D. SLOTTED WELL 
SCREEN 

BACKFILLED WITH 
fLINT SAND ~ 

TYPICAL WELL 
INSTALLATION DETAIL 

~a" II~~ 

Iff 
~ 
LaJ 

] 
J 
!I 

j 

I 
i I 

I 
I i 

II 
c 
I ~ 

IIi 0 

z ~ 
t: OVI 
u ~~ II~ 

~ I ~~ Cl) 
Cl) Cl 

II~ 
_o ~ 

~~~t 
w 8zt:VI[ 
.... ~W..J_ 
;; ~0.0:: 0:: Zl' 

60251 812 --- .. 
FIGURE 4-3 I' X X I 

. I 



---------....................... 

'· ... 

MW16 

,, ...... ___ .. ------
... --

SAND(UPPER I FER) 

MW-2 
MW9 
MW14 

-------- -~-:/ 
--------

:.::·:· 
....... 
··. 

GROUND SURFACE 

-----------------

- - - - ----4~1--- - -

··:·;:·:· 
.--_:·:· SAND (LOWER AQUIFER) 
.:·~::. 

-~-;:-~-: 
.· ... ·: 

WEST 
ELEVATION 

660 

650 

640 

630 

620 

610 

600 

590 

NOTES 
1. REFER TO FIGURE 4-3 FOR LEGEND AND ADDITIONAL 

NOTES. 

•._I 

CROSS SECTION SCALE 
10 

0 
0 200 400 
SCALE IN FEET 
VERTICAL EXAGGERATION: TWENTY TIMES 

$ 

~ 
i 

J 

!5 
I.&J 
i 

! 

. 
J 

I 

' Ill 

~ cr-
Ci 
a-
I 

J 
J 
' .. 
I 

I J 
I '- • 



MW7 
P-8 

::.:{~::1 
. ··· 

• ~-::-: .. 1 

(~:;I 
:-.:-:.-: 

(~?:·:, 

~::-::: 0 

···· .. 
:.:.:;.::: 

\~~/, 

II 
I. 
\:: 

MW12 

GROUND SURFACE 

MW18 

/ .·. ,//-1::=.:~::: 
, ··:.· _________ .,. ______________ .,..,..,,.""' :'::~·:·· .. _ ...... -------l------------ \-:~::: 1··:-::-:. 

:-::-:.' 
··. 

·:.::-: . 

~t 
\, 

:-::-:. 

NOTES 

MW17 
_ .... , ........... 

- r:/u sz 
·:.:·:: 
·:·::-:. 
·:·::·:· 
."·::-:. 

-~ 

...... ----

--

1. REFER TO FIGURE 4-3 FOR LEGEND AND ADDmONAL. ----- NOTES. 

........ --.,..,, 

_, MW-6 

/} 
,.:~/~: 
·:·::.:.-1 
....... 

(.:: 
·:·::-:.: 
·:·::-:. 
·:·::-:. 

1·:.::-:. 

-., ..... 

''\\ 
\ 
\ 

\ 
"--------.... ...... 

........................ __ _ 

LANDFILL 
REFUSE 

LW-1 

SOUTH 
ELEVATION 

670 

660 

650 

640 

630 

- ~ v:..:-1~ ,.;. "j! - -J•', ~ IAI / 620 

610 

CROSS SECTION SCALE 
10 

600 

0 
0 200 400 590 
SCALE IN FEET 
VERTICAL EXAGGERATION: TWENTY TIMES 

580 

FIGURE 4-5 

~ 
-I 
L&J 

i I I I II 
II! 

J 

I 
' I' f ! 

•' 
I 

j: 

0 
I 
u 

Ill 
ILl 
0 

2 z ~ 
... 0 Ill 

u ~ ..J 

~ ~ g ~ 
en I!!~ o 
en z o z 

~ ~~~-: 0_1/)i; 
w wIt: E 
... ~W..J_ 

iii It:~~~ 

""'Jool-
60251 814 

1IIUrZYII 



GROUND SURFACE LW-4 

MW9 
MW14 

,,..---------------- -----------------------------

------------------ ------·----,.... ,-----------------,-" 
........ ,.---

AND (UPPER 
,QUIFER) 

l'i, 

"V CLAY 
NFINING LAYER) 

.... __ ....,., 

-------mr----
(LOWER AQUIFER) )~~\ 

.::·>> 
NOTES 
1. REFER TO FIGURE 4-3 FOR LEGEND AND ADDITIONAL 

NOTES. 

LANDFILL 
REFUSE 

............... MW-1 ...... 
... , 

,_ 
------------------

CROSS SECTION SCALE 
10 

0 
0 200 400 
SCALE IN FEET 
VERTICAL EXAGGERATION: TWENTY TIMES 

SOUTH 
ELEVATION 

660 

650 

640 

630 

620 

610 

600 

590 

580 

0 

liP. 

II 
Q:: 
..J 
LaJ 
j 

II!IJ I ll 
Ill 

J 

I 
IIlii I! II I' 

l ! 

Q 
I 

Q ~ 
0 

~ z ~ 
;::: 0 Ill 

M ~ g 
'? ~:i ~ 
en ~ ~ o 
en z o z 

~ ~ s ~ t 
"'t..ltt: IE 
... ::::E ..... --'-
- (i]:::::JiO..tt: 
en tt: < z " 

60251 8_15 
wu:nJI 

FIGURE 4-6 11 ~ 



~-I I' 
~ II 

.... z 
c 
.2 ~ 
Ill u 

...J ~ :~ :5 
0 ::l.OO 
L-

I I 
·- ... 
3~ u . 

I I I 
;.... 

~'T 
0 .. 

~a 
a c 
"2 ·~ 
0 Ill _., 

- Vl-
0 

.~a:~ 
~~~ 
0 0 u ... u u 
O....JVI 

4000 5000 6000 7000 

7900 7900 

6900 6900 

5900 5900 

4900 
4000 5000 6000 

4900 
7000 

NOTES 
LEGEND 1. CLAY MEASUREMENT POINTS ARE PLOTTED 

ON FIGURE 4-8 • 
4 

0 

Ql 

WARZYN ... oo· 

UPPER AQUIFER MONITORING 
WELL LOCATION 

LOWER AQUIFER MONITORING 
WELL LOCATION 

LEACHATE WELL LOCATION 

SOIL BORING LOCATION 0 

~ 
north 

500 

SCALE IN FEET 

1000 

FIGURE 4-7 

_TO~P~O~F--C_L_AY~C~O~N~T~O~U-A __ M_A_P ________ ..::or~o~wn~~~~~-C-h_e_ck_e_d~~-~~------App~.~~ fl .,... O.L..L. TIM . .T.A.W. of:¥- ~ 
REMEDIAL INVESTIGATION Revisions Dote a 1,..,

1
,t,:>.. 

AMERICAN CHEMICAL SERVICES r {~1/'W 

~~~JJ INDIANA 60251 A1 
TflfDYNE PO;T N4il683 



4000 

8000 

7000 

6000 

LW-4 
0 

MW-23-+-

LW-2 
0 

5000 6000 7000 

8000 

0 7000 

~ MW-7 

6000 

+ MW-18 

5000 
4000 5000 +MW-22 6000 

5000 
7000 

NOTES 
LEGEND 1. CLAY ELEVATIONS ARE SUMMARIZED IN TABLE 4-2. 

• 
0 

UPPER AQUIFER MONITORING 
WELL LOCATION 

LOWER AQUIFER MONITORING 
WELL LOCATION 

LEACHATE WELL LOCATiON 

SOIL BORING LOCATION 

~ 
north 

0 500 1000 

SCALE IN FEET FIGURE 4-8 

Drawl) Checked ...-t-A ""- App"d. 
T_o_P __ o_F_c_L_A_Y_M_E_A_s_u_A_IN_G __ PO_l_N_T_s _____ ~O~.~~-L~-~·T~.J~.M~.,~X~.4~.W.~·------~~~---------~~~--~ 
REMEDIAL INVESTIGATION Revisions 
AMERICAN CHEMICAL SERVICES 
NPL SITE A2 ANA 

T£l£DYN£ POST No00683 



:~ 
i Ill. 

c:: 
.9: '-

• ..., C) 
I .>.C. 
'- ~.--
1 c a..oo 
·~ \ ~~ Ill 
l~JJ I 

... 0 
0 c:: 
-g ·~ 
0 .. 

-Vi..! 

'-~ 

0 

-~o: a 
::~:.;::; 
0 0 0 ...... 
O...JVI 

4000 5000 6000 7000 

7900 7900 

6900 6900 

/ I 

5900 5900 

4900 
4000 5000 6000 

4900 
7000 

LEGEND NOTES 

a 

LOWER AQUIFER MONITORING 
WELL LOCATION 

SOIL BORING.LOCATIQ\l 

O..AY THICKNESS CONTOUR LINE 

ATEC ASSOC. MONTORI~G WELL 

1. TABLE 4-2 SUMMARIZES CLAY THICKNESS 
MEASUREMENTS. 

2. FIGURE 4-8 ILLUSTRATES TOP OF CLAY 
MEASURING POINTS. 

~ 
north 

sao 1000 

FIGURE 4-9 

THICKNESS OF CLAY CONFINING LAYER D,.awn ,., Checked A-lAW App'~ II 
--------~~~~-----------~~=l~·~'-=~·~M~.,~TA~."~··------~~~~~--------~~~~'~V~~~:~~--~ 
REMECI AL INVESTIGATION Revisions Date 0 1,..,

1
/' J ,, 

AMERICAN CHEMICAL SERVICES if",... 'fv 

~~~~;~INDIANA 60251 A3 
TElfOYNE POST '1111683 



... 
"; 

1 
c: 

11 
I 

,g ""'., ;: ~ ·;: .c 
~-a.. co 

~~ Ill 
l: !ill! 
0 .. -o... 0 

0 c: -g .2 
0 ::: -- .. cn-.-o 
Cl''" c: a.. c: 
E"1!l~ 
0 0 u 
... " " C....JCJ1 

R;w _., lJW 

EXPLANATION 

-660-
Approximate potentiometric surface 

in teet above mean sea level 

North- south continental 
draina9e divide 

~ 
north 

0 5 10 

SCALE IN MILES 

:::.:, .., .. 

NOTE 

rJ 

T 
35 
u 

T 
34 

~ .J I '( -1.;; fi 
~ . I > II 

; 

:!3 
t-

; 

" : /,' 

1. TAKEN FROM HARTKE, ET AL., 1975 
"ENVIRONMENTAL GEO..OGY OF LAKE 
& PORTER COUNTIES, INDI.ANA", 
INDIANA GEOLOGICAL SURVEY 
SPEOAL REPORT 11. 

FIGURE 4-10 
REGIONAL POTENTIOMETRIC SUAFAC!i Drown O L L 
UNCONSOLIDATED AQUIFER · · . 
REMEDIAL INVEsrtGATION 
AMERICAN CHEMICAL SERVICES 
~PL SITE 
GRIFFITH, INDIANA 

Choo"d :r,,,; 'Op'd'J+~.,f 
Revisions Date 9 ~~ ; 

60251 A4l 
rEUOYNE POST '"r.~3 



r 

f 

r 

( 

f 

( 

l 
r 

l 

l 

( 

I 

, .. 
-T J 0 H. N 

631 

.,Golf Course 
10 

i \ 
\ ( 

- . v ~~ .... --. 

111-----~ 

AI·( \ .: 
( -- ·. ' .. 

___:::, \ 

\ @• 

-» ....... __ --- . 

LEGEND 

G) 

® 
® 
® 
® 

A'v£RICAN CHEMCAL SERVICES 
FENCED FAQLITY 

OFF-SITE CONTAINMENT AREA 

KAPICA AREA 

O...D GRIFITH MUNIQPAL LANrFILL 

.ACTIVE AREA OF GRIFITH MUt-IOPAL 
LANIJ=ILL 

--~·· SURFACE WATER FLOW DIRECfiON 

NOTES 
1. BASE MAP DEVELOPED FROM HGHLAND & 

ST. JOHN, INDIANA 7.5 MINUTE USGS 
TOPOGRAPHIC QUADRANGLE MAPS DATED 
1968 AND 1962 RESPECfiVELY, 
PHOfOREVISED 198 0. 

north 
0 2000 4000 

SCALE IN FEET 

?s 0 

t; i..!:. 
1~. .t 

! r 
f A i " 

-! 
._J 

Cj 
.t I I 
15 ~ 

} 
~ 

~ 
r--- ' 

~ 
r 
t 
t 

~ • • 

I l . 

z~ 
>i Nw 
D:~ 

~~ 
~ 
~ 

! 

I 
>-... 
!! 

Ul u w 
> u 
Ill z~ ... 0~ ii 

!ici U) 

CJ ~u <( 
c t;~ ~ 
~ 

ww 
0 >x 0 

~0 z 
a. 

ci~w:{ c 
:1 zso ...... 
U) w~inU: 

i 2UJ~~ 
UJ~ a: 

:::) a: Z(!) 

... --
60251 817 

'f.· ~ 

Fl ~~R_ E 4-11 .....,. 



4 
I 

[ 

• I 
I 
( 

r I , 

\ : ""c~ ~ : r 
' I 

/ ·~, , 
• - .. ~· 

l I I I I I 

'I\ l ffijl I "'-- II J 

[ 

I i 

[ I 
I 

1 

;J: i)~:[:;:lijl~~~~~~~~~~~;:,;. LEGEND 

0 300 600 

SCALE IN FEET 

ID:D 

-·~-----..-

GEOPHYSICS INVESTIGATION AREA 

STORM SEWER 

CATCH BASIN 

POTENTIAL SUFI=ACE WATER 
DRAINAGE AREAS 

INFILTRATION BASINS 

SURFACE WATER FLOW DIRECTION 

1. _,.IIASIIAAI' WAS DIVILOI'ID I'OR CAMP DAESUJI & 
INC ON NOYIM8&R I. 1... MAl' HAl IIIN li'IMTED 
AN AERIAL PHOTOGRAPH OF THE SITE I'LOWN ON 
8ER 3. 1- BY Ge0NEX CHICAGO AERIAL IURV!Y, INC. 

I BASI! MAP WAS UPDATED BASED ON THI AERIAL 
OTOGIW'H BY GEONEX. 

2. veRTICAL DATUM IS USGS DATUM. CONTOUR IN'nRVAL IS (I) 
OM!I'OOT. 

~~~ 
-4 ...., 
c::i 

i . 
• . 
J 

I 

Ul 

~ U) 
w z 
0 :c > a: 

~ffi Q 

_U) 

~g 4( 

t;~ ~ 
Ul ww l5 >:I: ; zo ~ 

~~~:t i - -1-
fi3ii:0jt 

Ul ~w~ii: .. 
~iz(!) il 

r;:16 
FIGURE 4-12 ~ / 



··- AVE I 

I 

·---

~ 

LEGENQ 

(PW01 I 

UPPER AQUIFER PRIVATE 
WELL LOCATION 

LOWER AQUIFER PRIVATE 
WELL LOCATION 

PRIVATE WELL SAMPLING 
LOCATION 

Rc __ _ 
POTENTIOMETRIC CONTOUR OF 
LOWER AQUIFER Ce 

... GROUNDWATER FLOW flRECTION 
IN LOWER AQUIFER 

NOTES 
1. BASE MAP DEVELOPED FROM HGHLAND & 

ST. JOHN, INDIANA 7.5 MINUTE USGS 
TOPOGRAPiiC QUADRANGLE MAPS DATED 
1968 AND 1962 RESPECTIVELY, 
PHOfOREVISED 1980. 

MERB 2. PRIVATE WELL DATA WAS OBTAINED FROM 
THE INClANA CEPARTMENT ~ NATURAl.. 
RESOURCES, DIVISION OF WATER WELL 
LOGS,: OR A USEPA SURVEY, OR A WARZYN 
DOOR TO DOOR SURVEY. 

~~---=f==.==-===;=ry=~~r--- 3. SUMMARY OF PRVATE WELLS LOCATED ON 

R 

THIS M,4P IS INCLUDED IN TABLE 2-6. 

4. INDIANA ~PARTMENT OF NATURAL 
RESOURCES WELL LOGS ARE INCLUDED IN 
APPENDIX L. 

5. PRIVATE WELL SAMPLING WAS CONDUCTED 
BY WARZYN ENGINEERING INC. ON JUNE 
13 & 14, 1990. 

north 
0 2000 4000 

SCALE IN FEET 

-....! 
..._, 
Q 

;r 1 
i i ! r 

l 
~ 

I~ 
l 

~ 
~ r 

I 
! 
~ 

~ 
i 
& 

'; 
.. 
X t ). = ~ ~ -

z~ 
>s N. 
~d 

~~ 
~ 
~ . 
! 

--
60251 818 

WI'IIZY'N 

FIGURE 4-13 IL---,...;........;~ _ __, 



I 
~ I' I I 
Ill i 

,. 
i 

I c: 
.Q \.., 
"' u 

I - ::::; :~ :5 
rC--a..oo 
•a: 

I II :~!!: I ~ 
~<....: 

I~JJ I 
' 0 c I "2 .Q -.. ":1 .. 
-- u Vl-

0 
g' Q: c: 
·- 0 
:::~ .. 
0 0 u ... u u 
O...JVl 

4000 5000 6000 7000 

8000 8000 

7000 7000 

<>MW_;,7 

6000 6000 

5000 
4000 
~~~~~~~~~-A~~~~~~~~-L-L-L~~~~~~~~ 5000 

5000 

LEGEND 
... UPPER AQUIFER MONITORING 

WELL LOCATION 

LOWER AQUIFER MONITORING 
WELL LOCATION 

13 se-21 HYDRAULIC CONDUCTIVITY 
. IN ft/min 

0 

~ 
north 

500 

SCALE IN FEET 

6000 7000 

1000 

FIGURE 4-14 

60251 AS 



~ Ill 
t-Ill 

c: 
,g ... 
.. u . ·s .s:. 

kill 
~l--111 
J .;-

.. 0 ., c 
~ -~ 
~ .. 
~ 0 _,0 

.~a: :5 
~~; 
, 0 u 
- 0 0 
l..JVl 

[ 

0 
.... 
0 
> 
ill 
w 

640 

639 

638 
637 

636 
635 

534 

633 

632 

631 

630 

629 

628 
527 

626 

625 
624 

623 

622 

621 

520 

Jul-89 Oct-89 

o SG-7 
!J. LW-1 

August 1989 - September 1990 

Jan-90 

Date 

+ P-8 
X SG-5 

May-90 

o MW-5 
'il SG-2 

Aug-90 

FIGURE 4-15 

WARZYN 
SITE HYDROGRAPHS Drawn Checked ,-<rAvJ App'd.~ I J 
~~~~~~~~~---------~~l~b~,T~~~M~-~~-A_w __________ ~~~~---- ~~V~ .. _ ... REMEDIAL INVEST1GAT10N Revisions Date 0 "' ~~~ . 
AMERICAN CHEMICAL SERVICES f{'J,.If"[(; 
NPL SITE • A6 
GRIFFITH, INOIANA 60251 



·~. 

... I I 
~ I I 

I 
I i y I 

c: 
.2 "-
Ill " 

..J ::~:~= 
0 a..oo 

~ 3! I I I 
;:. 

I I I ~ 
;::)-..... 
0 .. ,-

... 0 
0 c: 
-g -~ 
0 Ill ,;.,! 

0 

.s~ a 
::'"0~ 
0 0 u 
'- II .. 
O...JVl 

~ 

'"-

4000 

8000 

7000 

MW-2'U... , 
'-YP-211 • 

SG-2R.t. SC-2 .. 
• P-22 

• 

• P-111 

5000 

MW-16+ 

P-21 

6000 

P-32 • 

P-.30 • 
P-8 

tw-7 

P-20 • P-4 
P-15 • 

• SG-1 
LW-4 .. 

0 

6000 
P-17 • P-14 • 

• P-111 
• P-13 

5000 
4000 5000 

LEGEND .. UPPER AQUIFER MONITORING 
WELL LOCATION 

<> LOWER AQUIFER MONITORING 
WELL LOCATION 

0 LEACHATE WELL LOCATION 

• PIEZOMETER LOCATION 

• STAFF GAUGE LOCATION 

• P-11 

+MW-18 

6000 

~ 
north 

0 500 1000 

LI\.~ 
SCALE IN FEET 

7000 

8000 

7000 

6000 

5000 
7000 

FIGURE 4-18 

WARZYN 
WATER LEVEL MEASURING POINT Drawn Checked .:r.A .. 1 App ·i~ \ /.J-
:L~O~C~~~~I~O~N~M~A~P==~~~-----------~D~~~-L~.,~T~.J~.M-7~J.~.4~.W.~.-----------w----------~y~~-+~~--~ ,_ ... REMEDIAL INVESTIGATION Revisions Dote al-... lfc(J 
AMERICAN CHEMICAL SERVICES f(~ '"~' 

~~~{~ INDIANA 60251 A 7 
TElfDYN£ POST N•06BJ 



~ Ill 
I Ill 

c: 
.Q '.. ., 

...J 2 :~:; 
0 0..00 

§~Ill 
~*Ill 
0 ~-

.. 0 
0 c: 
-g ·~ 
0 .. -.. -cno 
-~~a 
~~= 
0 0 u .. .. ., 

Q ... H/1 

4000 5000 

8000 

7000 

6000 

6~ 

6000 

+YW-111 

YW-17 

(634.9) 

.. (833.8) 

7000 

APRIL 6, 1990 
8000 

7000 

6000 

5000 L·~~~~~~~~~AL~~~~~~~~~~~~~~~~~~~ 5000 
7000 4000 5000 

LEGEND 
(632.7> 

• 

0 

• 
• 

GROUNDWATER ELEVATION 

UPPER AQUIFER MONITORING 
WELL LOCATION 

LOWER AQUIFER MONITORING 
WELL LOCATION 

LEACHATE WELL LOCATION 

PIEZOMETER LOCATION 

ST f.fF GAUGE LOCATION 

6000 

NOTES 
1. A GROUNDWATER ELEVATION FOR MW-1 WAS NOT 

AV.AJLABLE. THS WELL WAS DESTROYED PRIOR TO 
WATER LEVEL MEASUREMENT. 

2. THE GROUNDWATER ELEVATION AT P-18 WAS NOT 
USED IN MAP CONSTRUCTION. THE ELEVATION AT 
THS PIEZOMETER WAS APPROXIMATELY 10 FT. 
HGHER THAN ADJACENT GROUNDWATER ELEVATIONS. 

500 1000~ 
.....---~ I north 

-620_.... WATER LEVEL CONTOUR LINE 
FIGURE 4-17 

WATER TABLE CONTOUR MAP Drawn Checked ::JAvJ Aoo"d. 
~A~PN~L~8~,~1~1~10~~~~-----------~a=.L~.L~.,~T.~J.~M~,7.~.~~-W.~.------------~-------~~~--~ 
REMECIAL INVESTIGATION Revisions 
AMERICAN CHEMICAL SERVICES 
NPL SITE 
GRIFFITH, !NOlANA 8 

TElEDYNE POST NA068J 



4000 

8000 

7000 

6000 

5000 
4000 

se-a • 

5000 

5000 

6000 

SG-10 

<631.1) 

P-8 

<634.2> 

6000 

7000 

7000 

6000 

5000 
7000 

LEGEND .NOTES 
(632.7) GROUNDWATER ELEVATION 

• UPPER AQUIFER MONITORING 
WELL LOCATION 

-<> 
LOWER AQUIFER "MONITORING 
WELL LOCATION 

0 LEACHATE WELL LOCATION . 

• PIEZOMETER LOCATION 

• ST.AFF GAUGE LOCATION 

1. 

0 

THE GROUNDWATER ELEVATION AT P-18 WAS NOT 
USED IN MAP CONSTRUCTION. THE ELEVATION AT 
THS PIEZOMETER WAS APPROXIMATELY 10FT. 
HIGHER THAN ADJACENT GROUNDWATER ELEVATIONS. 

~ 
north 

500 1000 

-szo..-- WATER LEVEL CONTOUR LINE SCALE IN FEET 
FIGURE 4-18 

WATER TABLE CONTOUR MAP Drawn Cheeked =tAw Aj)p'cf.-::4--1 I I 
=AU~G~U~S~T~17~·~1~9~8=9~~~----------~D~L~.L~.,~T.~J.~M~.,r.~.A~.W~·----------------- '(uV~ 
REMEDIAL INVESTlGATION Revisions Dote a 1..,

1 
11() 

AMERICAN CHEMICAL SERVICES (l_ ;..u_f.{( 
Npt_ SITE A9 
GRIFFITH, INDIANA 60251 

TELEDYNE POST NA0683 



4000 5000 

8000 

7000 

6000 

5000 
4000 5000 

LEGEND 

• 

0 

• 
• 

UPPER AOUIFt:R MONITORING 
WELL LOCATION 

LOWER AQUIFER MONITORING 
WELL LOCATION 

LEACHATE WELL LOCATION 

PIEZOMETER LOCATION 

ST.AFF GAUGE LOCATION 

-620_.... WATER LEVEL CONTOUR LINE 

6000 

6000 

0 500 1000 

Lr~ 
SCALE IN FEET 

~ 
north 

7000 

8000 

7000 

6000 

5000 
7000 

FIGURE 4-18A 

WARZYN 
UPPER AQUFER WATER TABLE CONTOUR Drown Dl L JAW Checked -rA,vJ App'd.~) L 
MAP.FEBRUARY14,1891 -----·--·~··------------~~~·----,_,----~-r~--V'~~~--~ ... oo· REMEDIAL INVEsnGATION Revisions Dote "' 113• 10/ 
AMERICAN CHEMICAL SERVICES ro/' !II 
Npt_ SITE A24 GRIFFITH, INDIANA 60251 



~ 4000 

640 640 

630 630 
WATER TABLE 

620 620 

CLAY LAYER 
610 610 

600 600 

soo~----------------------------------------------------------~500 

.-
5000 6000 

~ .- north 

SITE CROSS-SECTION ILLUSTRATING 
CLAY CONFINNG LAYER THICKNESS 
RaiEDIAL INVESTIGATlON 
AMERICAN CHEMICAL SERVICES 
NPL SITE 
GRIFmH. INDIANA 

Drawn 

NOTES 
1. DEPTH OF Fl RE POND AND NEW 

LANCFILL EXCAVATION UNKNOWN. 

FIGURE 4-19 

ELR,DLL. TJM,JAW 
Checked ::fA w· App'd.~ 

Rev1sions Date l:f/').lfJ 

so2s1 A10 



( 

I 

( 

r 

[ 

l 
{ 

I 
I 
l 
( 

{ 

( 

) -

~ 

) 

r. )1 :) ,n 
,-

. " 
¢ 

0 
·-·--- I • 0 

oo __ ,__J ~~stliCJ 
' & __ • __ _ 

-\)PrPEUNE0 ..r K c\ r-

• 
0)Bl 
'i- • 

( 

0 

LEGEND 

Cl 

• 

NOTES 

STORM SEWER 

GATCH BASIN 
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1. AT SAMPLING LOCATION AE01 SAMPLE WAS 
COLLECTED FROM 7" OF WATER FOUND IN 
CATCH BASIN. 

2. AT SAMPLE LOCATION AE02 SAMPLE WAS 
COLLECTED FROM 5.5" OF WATER FOUND 
IN CATCH BASIN. 

3. AT SAMPLE LOCATIGJ AE03, ~PLE WAS COLLECTED 
BY SKIMMING WATER OFF THE SURF.ACE .. 

4. AT SAMPLE LOCATION AE04 SAMPLE WAS 
COLLECTED FA~ THE BOTTOM OF CATCH 
BASIN (16' DEEP). 

5. EFFLUENT SAMPLING WAS CONDUCTED BY WARZ YN 
ENGINEERING INC. ON NOVEMBER 15, 1989. 

6. INITIAL BASE MAP WAS DEVELOPED FOR CAMP 
DRESSER & McKEE INC. ON NO/EMBER 8, 1985. 
M.AP HAS BEEN UPDATED FROM AN AERIAL 
PHOTOGR.APH OF THE SITE FLOWN ON NOVEMBER 
3, 1989 BY GEONEX CHICAGO AERIAL SURVEY, INC. 
THE BASE MAP WAS UPDATED BASED ON THE 
·AERIAL PHOTOGRAPH BY GEONEX. 
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Figure 5-lla Approximate &'tent of Lead Containing V.'astes ( > 500 ppm), Off-Site 
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Figure 5-llb Approximate Extent of Lead Containing Wastes ( > 500 ppm), Off-Site 
Areas (4-7 feet below surface). Posted Values are in ppm (mg!kg). 
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Figure 5-11c Approximate Extent of Lead Containing Wastes ( > 500 ppm), Off-Site 
Areas (7-10 feet below surface). Posted Values are in ppm (mglkg). 
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Figure 5-11d Approximate Extent of Lead Containing Wastes ( > 500 ppm), Off-Site 
Areas (10-15 feet below surface). Posted Values are in ppm (mglkg). 
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Figure 5-11 e Approximate E>:tent of Lead Containing Wastes (> 500 ppm), Off-Site 
Areas (15-23 feet below surface). Posted Values are in ppm (mglkg). 
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Path reference: 

r From Reference 28 
z From Reference 29 
3 From Reference 30 
4 From Reference 31 
s From Reference 2 
6 From Reference 32 
7 From Reference 33 
s From Reference 34 

CH3COOH 

Acetic acid 

Major 
mechanism 

Biodegradation 

J 
Abiotic elimination 

Biodegradation 

Footnotes 

----. Minor pathway 

Cis-1.2-0CE generated at 
approximately 30 times the 
concentration of trans-1 ,2-
0CE (3) and by a factor of 
25:1 (8). 

PCA =Tetrachloroethane 
+ 1,1,1-TCA = 1,1 , 1-Trichloroethane 

1, 1-DCA = 1, 1-0ichloroethane 
Cis-1 ,2-0CE = Cis-1.2-0ichloroethane 

CA = Chloroethane 
PCE = Tetrachloroethane 
TCE = Trichloroethane 

Tmns-1,2-0CE = Trans-1,1-0ichloroethane 
VC = Vinyl chloride 

1, 1-DCE = 1, 1-Dichloroethane 

From: Olsen and Davis, 1990. 
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